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SECTION  I 
INTRODUCTION 

If  a  solid  surface  is  bombarded  by  energetic  ions,  a  complex  process 
of  energy  transfer  and  electronic  interaction  occur  in  the  surface  and 
near  surface  of  the  solid.  As  a  result  of  these  interactions  at  the 
surface,  electrons  and  atomic  and  molecular  particles  are  ejected  and 
photons  are  emitted.  The  interaction  of  the  energetic  ions  with  the 
solid  results  in  the  transfer  of  energy  to  ions  and  atoms  in  the  solid 
and  subsequent  ejection  of  both  neutral  and  ionized  species. 

The  first  SIMS  experiments  were  performed  in  the  late  1930's  by 
Arnot  and  co-workers  (Reference  1).  The  technique  lay  essentially 
fallow  until  1949  when  Herzog  and  Viehbock  (Reference  2)  described  an 
ion  source  for  mass  spectrometry  using  the  sputtering  process,  but  even 
after  this  brief  resurgence,  it  was  almost  ten  years  until  further 
interest  was  evidenced  by  workers  in  this  field.  Honig  (Reference  3) 
in  1958  began  a  rise  of  interest  in  the  SIMS  technique  which  widened 
during  the  1960's.  Reviews  of  early  literature  were  published  by 
Carter  and  Colligon  (Reference  4)  and  Kaminsky  (Reference  5).  More 
modern  reviews  with  emphasis  on  the  SIMS  technique  as  applied  to  surface 
analysis,  have  been  authored  by  Benninghoven  (Reference  6)  and  Werner 
(Reference  7).  It  is  the  purpose  of  this  review  to  discuss  fundamental 
concepts,  advantages  and  disadvantages  of  SIMS  for  surface  analysis 
along  with  collision  phenomenon,  such  as  sputtering  and  implantation. 
Equipment  for  the  SIMS  method  will  be  briefly  described.  Aspects  of 
secondary  ion  mass  spectra  will  be  considered  Including  the  species  of 
the  secondary  ions,  the  Ion  yield,  and  experimental  parameters.  The 
complementary  nature  of  SIMS  to  other  surface  characterization  methods 
will  be  discussed.  Finally,  applications  of  the  SIMS  method  will  be 
considered.  Appendices  concerning  nomenclature.  Isotopic  abundances, 
and  the  sources  of  information  on  SIMS  are  included. 
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SECTION  II 

FUNDAMENTAL  CONCEPTS 

When  a  surface  is  bombarded  with  ions,  atomic  and  molecular  particles, 
electrons  and  photons  are  emitted  from  the  surface  as  seen  in  Table  1 
(Benninghoven) .  The  ion  as  it  strikes  the  surface  and  penetrates  into 
the  solid  can  undergo  numerous  collision  processes,  as  seen  in  Figure  1 
(Winters).  The  process  under  consideration  here  is  No.  5  as  seen  in 
Figure  1;  the  reflected  ion  giving  energy  to  a  surface  atom  which  is 
sputtered.  A  review  of  experimentation  and  theory  of  physical  sputtering 
was  prepared  by  Winters  (Reference  8).  The  sputtering  species,  which  are 
moved  from  the  surface,  are  made  up  of  both  positive  and  negative  ions, 
as  well  as  neutral  particles.  Neutral  particles  have  much  greater 
abundance  than  ionic  species  and  have  also  been  used  for  surface  analysis. 

TABLE  1 


EFFECT  OF  ION  IMPACT  ON  A  SOLID  SURFACE  INCLUDING  EMISSION 
PROCESSES  &  CHANGES  IN  THE  SURFACE  ZONE 


EMISSION  PROCESSES 

CHANGES  IN  THE  SURFACE  OF 
THE  TARGET 

Atomic  and  molecular  particles 

Loss  of  surface  particles 

Neutrals 

Sputtering 

Positive  ions 

Recoil  Implantation 

Negative  ions 

Excited  particles 

Implantation 

Electrons 

Primary  ions 

Surface  atoms  (recoil) 

Surface  processes  (Auger 
de-excitations,  e.g.) 

Lattice  destruction 

Bulk  processes  (ionization,  e.g.) 

Imperfections 

Photons 

Gas  phase  processes 

Amorphization 

Chemical  effects 

Surface  processes 

Breaking  of  bonds 

Bulk  processes 

Bond  formation 

2 


AFML-TR-79-41 23 


Surface  analysis  by  SIMS  falls  into  two  categories;  low  current 
density  sputtering  and  high  current  density  sputtering.  Categories  are 
determined  by  the  characteristics  of  the  primary  ion  beam.  A  low  current 
density  sputtering  analysis  results  in  a  very  small  fraction  of  the  surface 
being  disturbed,  a  result  that  approaches  a  basic  requirement  of  a  true 
surface  analysis  method.  This  is  generally  known  as  the  static  SIMS 
method  (SSIMS).  High  current  density  sputtering  removes  a  great  deal  of 
material,  but  is  required  for  obtaining  elemental  depth  profiles.  In  the 
high  current  density  method,  significant  changes  are  seen  in  the  surface 
and  near  surface  regions.  Table  2  (Benninghoven)  shows  the  effect  of 
ion  impact  on  a  solid  surface  including  the  emission  process  and  changes 
in  the  surface  zone.  Figure  2  (Benninghoven)  also  shows  schematically 
the  induced  changes  in  the  surface  zone  of  a  solid  due  to  ion  bombardment 
and  shows  three  different  zones;  an  emission  zone,  an  implantation  zone, 
and  a  lattice  destruction  zone.  These  zones  then  are  defined  as  A)  a  loss 
of  surface  atoms  out  of  the  emission  zone  as  a  consequence  of  emission 
of  molecular  and  atomic  particles  and  recoil  implantation;  B)  implantation 
of  primary  ions  and  recoil  surface  atoms;  C)  changes  in  the  lattice 
structure,  as  for  example,  creation  of  imperfections,  amorphous  states  and 
so  forth.  In  addition,  other  low  energy  processes,  such  as  the  breaking 
of  chemical  bonds  and  the  formation  of  chemical  bonds,  are  also  caused  by 
ion  bombardment.  The  escape  depth  for  sputtered  particles  varies  greatly 
and  is  strongly  dependent  on  the  energy  of  the  primary  ion,  the  mass  of 
the  primary  ion,  and  the  mass  of  the  atoms  of  the  target.  To  determine 
whether  a  particle  will  leave  the  surface  as  a  neutral  species  or  as  an 
ion  is  a  complex,  quantum  mechanical  problem  involving  ground  and  excited 
state  interactions  of  the  atom  or  molecule  with  the  solid.  Numerous 
workers  (Werner  (Reference  7),  McHugh  (Reference  9),  Benninghoven 
(Reference  6))  have  discussed  possible  mechanisms  for  emission  of 
secondary  ions.  Joyes  (Reference  10)  has  reviewed  the  theoretical 
mechanisms  of  secondary  Ion  emission.  For  moderate  energy  sputter  ion 
beams,  a  major  contributor  to  the  secondary  ion  yield  is  resonance  and 
autoionization  of  excited  species  that  emerge  from  the  solid  phase  to 
vacuum.  A  less  important  contribution  to  the  ion  yield  is  resonance 
ionization  of  ground  state  species.  An  explanation  by  Schroeer 
(Reference  11)  for  the  emission  of  positive  ions  from  metals  assumes  that 
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TABLE  2 

MAIN  FEATURES  OF  SIMS  AS  A  SURFACE  ANALYSIS  METHOD  (REFERENCE  6) 

Positive:  -  Information  depth  in  the  "monolayer  range" 

-  Detection  of  all  elements  including  hydrogen 

-  Detection  of  chemical  compounds 

-  "Lateral  resolution"  in  the  range  of  atomic  distances 

-  Isotope  separation 

-  Extremely  high  sensitivity  for  many  elements  and 
compounds  {<10"®  monolayers) 

-  Quantitative  analysis  after  calibration 

-  Negligible  destruction  of  the  surface  (SSIMS) 

-  Elemental  Profiling  (Dynamic  SIMS) 

Negative:  -  Large  differences  in  sensitivity  for  different 

"surface  structures"  (factor  1000) 

-  Problems  in  quantitative  interpretation  of 
molecular  spectra 

-  Ion  induced  surface  reactions 
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Figure  2.  Induced  Changes  in  the  Surface  Zone  Due  to  Sputtering 
(Reference  6) 
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the  sputtered  particle  leaves  the  surface  as  a  neutral  atom  in  the 
ground  state  and  is  ionized  via  transition  of  the  atom  electrons  to  the 
top  of  the  conduction  band  in  the  metal. 

Regardless  of  the  exact  mechanism  and  production,  the  SIMS  method 
as  a  technique  for  surface  analysis  has  several  advantages  as  seen  in 
Table  2  (Benninghoven) .  Of  the  positive  attributes  listed  probably  the 
extremely  high  sensitivity  for  many  elements  is  the  greatest  advantage  of 
SIMS.  On  the  other  hand,  the  extremely  large  differences  in  sensitivity 
for  different  surface  structures  is  the  largest  negative  factor  involved 
in  SIMS  analysis.  More  specifically,  the  following  comments  on  the  SIMS 
technique  were  aired  by  Czanderna  and  co-workers  (Reference  12)  in  a 
recent  review. 

1.  DETECTION  SENSITIVITY 

The  outstanding  feature  of  SIMS  is  the  detection  sensitivity  of 
-6  -4 

10  to  10  of  a  monolayer  for  surface  analysis,  depending  on  how 
fast  the  surface  has  sputtered  away.  Except  for  slight  variations  in 
the  transmissivity  of  ions  with  different  masses,  there  is  no  Z  dependence 
on  the  detection  sensitivity  of  a  properly  designed  SIMS  apparatus. 

Furthermore,  the  absence  of  an  inherent  background  permits  detection  of 

-2  -18 
trace  amounts  of  10  to  1  ppm  atomic.  As  little  as  10  grams  of  the 

sample  species  may  be  sufficient  to  provide  a  detectable  signal.  Thus, 

using  care  in  the  instrument  and  bombardment  parameters,  signals  may  be 

restricted  to  one  to  two  monolayers. 

2.  ISOTOPIC  IDENTIFICATION 

Isotopic  labeling  of  ions  could  be  used  for  study  of  reaction 
mechanisms.  Despite  the  apparent  potential,  the  literature  contains 
little  mention  of  isotopic  labeling  in  conjunction  with  SIMS  analysis 
of  the  surface. 

3.  IDENTIFICATION  OF  HYDROGEN 

The  detectability  of  hydrogen  by  SIMS  provides  a  routinely 
available  capability  not  possible  with  other  commercially  available 
surface  analysis  equipment. 
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4.  CHEMICAL  IDENTIFICATION 

The  complex  spectra  presented  provide  an  opportunity  to  unravel 
chemical  information  about  surface  compounds. 

5.  IN-DEPTH  PROFILING 

The  ability  to  sputter  surfaces  rapidly  and  to  maintain  a  constant 
monitor  of  the  composition  is  one  of  the  outstanding  features  of  SIMS. 

As  with  any  depth  profiling  process  resolution  at  the  interface  is  limited 
by  the  damage  caused  by  sputtering  rather  than  by  the  apparatus. 

6.  IMAGING 

Ion  microprobes  provide  capability  to  image  the  surface  under 
investigation.  Czanderna  and  co-workers  also  make  some  pertinent 
comments  on  limitations  of  the  SIMS  method.  They  point  out  that  first  and 
foremost  SIMS  requires  destruction  of  the  sample  for  analysis.  There  is 
no  chance  for  a  second  look  at  the  same  spot  on  the  sample.  Secondly, 
the  factors  causing  large  variations  in  the  production  of  secondary 
ions  make  routine  quantification  only  a  remote  hope.  Using  standards 
and  well -studied  systems,  quantitative  SIMS  to  better  than  the  20%  of  the 
surface  layers  is  possible,  but  the  cost  of  extensive  prior  work  may  not 
be  warranted.  Finally,  matrix  effects,  e.g.,  the  variation  in  the  signal 
of  the  same  element  in  different  chemical  environments  can  alter  the 
detectability  of  trace  amou  its  by  factors  of  102  to  104. 
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SECTION  III 
EQUIPMENT 

All  SIMS  experiments  require  a  vacuum  chamber  to  house  the  experi¬ 
ment,  a  sample  holder,  an  ion  source,  an  energy  analyzer,  and  a  mass 
analyzer  as  seen  in  Figure  3.  Use  of  the  characteristics  of  imaging 
instruments  have  been  made  by  Socha  (Reference  13)  and  fundamental 
concepts  of  both  imaging  and  non-imaging  Instruments  by  McHugh 
(Reference  9).  Most  non-imaging  instruments  are  generally  called  SIMS 
instruments.  Imaging  instruments  are  usually  called  ion  microprobes. 

A  schematic  of  a  typical  ion  microprobe  mass  analyzer  is  shown  later  in 
the  discussion  of  imaging.  Usually  such  Imaging  instruments  have  vacuum 
capabilities  in  the  very  high  vacuum  region  rather  than  in  the  UHV. 

Also  used  are  high  sputtering  rates  and  ion  voltages  in  the  range  of 
10  kv  or  more.  This  Is  In  contrast  to  new  designs  for  SIMS  using 
quadrupole  mass  analyzers  where  vacuum  capabilities  in  the  range  of 
10*  ^  Torr  are  possible.  In  the  static  SIMS  method  where  very  slow 
sputtering  rates  are  used  for  analysis,  the  capabilities  must  be  such 
that  the  recontamination  rate  for  residual  gases  do  not  exceed  the 
sputtering  rate.  SIMS  Instruments  also  vary  according  to  the  total 
pressure  in  the  system.  In  most  Instruments  the  noble  or  reactive  gas 
fills  the  system  and  the  entire  chamber.  Including  the  ion  gun  and  sample 
area,  are  at  approximately  1  to  5  x  10*5  Torr.  Such  an  instrument  is 
typified  by  the  commercial  equipment  manufactured  by  the  3M  Co.  (3M  Co., 
St.  Paul,  Minnesota).  Another  type  of  Instrument  is  one  In  which  the 
performance  is  improved  through  the  use  of  a  differentially  pumped 
vacuum  system  to  produce  ultra  high  vacuum  in  the  vicinity  of  the  sample. 
This  also  allows  the  entry  of  a  reactive  gas  in  the  sample  chamber  area 
while  sputtering  with  a  noble  Ion  for  studying  chemical  changes  or 
reactions  on  the  surface.  An  Instrument  of  this  type  from  the  recent 
literature  (Reference  15)  Is  shown  In  Figure  4.  Still  another  Improve¬ 
ment  made  to  the  SIMS  Instruments  Is  the  mass  analysis  of  the  primary 
beam  (Reference  16).  Such  an  Instrument  design  is  shown  In  Figure  5. 

In  addition  to  mass  analyzing  the  primary  beam  Is  this  Instrument,  beams 
less  than  70  micrometers  in  diameter  are  used  with  current  densities 
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Figure  3.  Major  Components  of  a  SIMS  Experiment 


:argon  entry 


PRIMARY 
ION  SOURCE 


QUADRUPOLE 

GAS 

ANALYZER 


WIEN  FILTER 
ELECTROMAGNET 


AUTOMATIC  PRESSURE 
CONTROLLER 


REACTIVE 

GAS 

ENTRY 

.  / 


SECONDARY  ION 
QUADRUPOLE 
MASS  FILTER 


VIEWPORT- 


IONIZATION  . 
GAUGE 


ELECTRON 

MULTIPLIER 


-ELECTRON 

GUN 


Figure  4.  A  General  View  of  the  Secondary  Ion  Mass  Spectrometer 
System  (Reference  15) 
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Figure  5.  SIMS  Apparatus  Using  a  Spherical  Electrostatic  Analyzer 
(Reference  16) 

greater  than  25  milliamperes  per  square  centimeter.  Beam  rastering  and 
electronic  signal  gating  make  this  instrument  especially  applicable  to 
the  production  of  high  quality  depth  profiles.  These  authors  point  out 
that  an  ultra  high  vacuum  system  is  an  absolute  necessity  to  reduce  the 
adsorption  of  background  gases  on  the  sample  surface  during  sputtering 
for  in-depth  profiling  of  carbon,  oxygen,  nitrogen,  and  especially 
hydrogen . 

The  energy  filter  is  made  up  generally  of  several  elements  whose 
function  is  to  optimize  collection  of  the  secondary  ions,  and  to  filter 
and  focus  the  ions  at  the  entrance  to  the  mass  analyzer.  The  energy 
analyzer  as  used  by  Dawson  and  Redhead  is  seen  in  Figure  6.  The  grid 
radii  are  chosen  to  increase  the  acceptance  angle  at  the  target  and  to 
produce  a  converging  beam  at  the  quadrupole  mass  analyzer  entrance.  An 
interesting  design  utilizing  conically  shaped  elements  was  developed  by 
Dowsett  et  al  (Reference  17).  Magee  and  co-workers  (Reference  16)  used  a 
spherical  electrostatic  analyzer  in  front  of  the  quadrupole  elements  to 
allow  selection  of  specific  areas  in  the  crater  and  the  use  of  an  on-axis 
electron  multiplier  in  the  quadrupole  mass  analyzer.  Much  simpler  designs 
also  perform  well,  such  as  the  two  analyzers  seen  in  Figure  7. 

Secondary  ions  may  be  mass  analyzed  with  virtually  any  kind  of  mass 
spectrometer.  Most  imaging  Instruments  use  double  focusing  mass  spectro¬ 
meters.  The  majority  of  modern  secondary  ion  mass  spectrometers  for 
surface  characterization  use  quadrupole  mass  filters.  Some  use  a  dual 


Figure  6.  Detail  Showing  the  Arrangement  of  the  Energy  Analyzer 
(Reference  17) 


Figure  7.  Simple  Energy  Analyzers 
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system  in  which  a  magnetic  sector  is  used  to  separate  the  primary  ions 
and  a  quadrupole  is  used  to  detect  secondary  ions  as  shown  in  Figure  8 
(Reference  26). 

The  radio  frequency  quadrupole  mass  analyzer  has  a  number  of 
advantages  for  secondary  ion  mass  spectroscopy.  Among  the  inherent 
characteristics  of  the  quadrupole  filter  are:  A)  Particle  separation  is 
on  the  basis  of  charge  to  mass  ratio  rather  than  on  other  properties, 
such  as  velocity  or  momentum;  B)  Axial  energy  acceptance  is  over  a 
relatively  wide  range;  and  C)  Transmission  efficiency  approaches  100% 
under  certain  operating  conditions.  One  attractive  aspect  of  the  quad¬ 
rupole  is  that  only  radio  frequency  fields  are  required  making  the  analyzer 
relatively  light  and  structurally  compact  compared  to  magnetic  instruments. 
Operating  design  also  allows  very  rapid  spectrum  scanning  rates  (orders 
of  magnitude  greater  than  most  magnetic  instruments).  This  allows  a  real¬ 
time  oscilloscope  display  of  SIMS  data.  In  addition,  the  geometry  of 
the  quadrupole  is  such  that  only  an  external  ionizer  is  needed  to  provide 
residual  gas  analysis  (RGA)  capability. 


MAGNETIC 


Figure  8.  Magnetic  Sector  Design  to  Separate  Primary  Ions  (Reference  26) 


AFML-TR- 79-41 23 


SECTION  IV 

SECONDARY  ION  MASS  SPECTRA 

Benninghoven  (Reference  18)  used  a  simple  two-component  lattice  of 
metal  and  oxygen  to  answer  the  question  "What  types  of  ions  will  be 
emitted  from  a  given  surface  structure?"  During  the  sputtering  process, 
particles  of  this  lattice  will  be  emitted  from  the  surface,  both  as 
single  atoms  and  as  clusters.  Plog,  Wiedman,  and  Benninghoven  (Reference 
27)  evaluated  data  from  oxidized  metals  and  established  a  formula  which 
allows  calculation  of  absolute  yields  of  metal  and  oxygen  ions. 

Benninghoven  (Reference  18)  makes  the  assumption  that  one  condition  of 
the  formation  of  a  cluster  is  that  the  cluster  atoms  are  located  on 
adjacent  sites  of  the  lattice  before  emission.  It  was  printed  out  that 
in  the  case  of  a  metal-oxygen  lattice,  we  can  expect  particles  of  the 
composition  MemOn.  This  way  a  matrix  of  possible  clusters  was  established. 
The  formation  probability  of  a  particle  cluster  is  a  complicated  function 
of  many  parameters,  such  as  the  charge  state  of  an  emitted  ion.  In 
principle,  each  fragment  can  be  ejected  as  a  positively  or  negatively 
charged  ion  or  as  a  neutral  particle.  In  the  case  of  the  metal  oxygen 
surface  structures,  it  has  been  learned  from  experimental  results  that 
for  emitted  particles  there  is  a  tendency  for  charge  conservation  related 
to  the  charge  state  in  the  lattice  (Reference  18).  Therefore,  we  should 
expect  the  preferential  emission  of  positive  metal  ions  Me+  and  negative 
oxygen  ions  0"  for  a  metal -oxygen  structure.  The  yield  of  secondary 
molecular  ions  depends  on  the  electronic  properties  of  the  molecular 
ion,  particularly  the  dissociation  energy  of  the  complex.  Joyes 
(Reference  10)  has  used  semi -empirical  quantum  chemical  calculations  to 
explain  a  number  of  experimental  observations  relating  to  relative 
molecular  ion  yields.  Instruments  not  using  ultra  high  vacuum  or 
instruments  using  reactive  sputtering  frequently  show  many  more  molecular 
ions  than  those  in  which  noble  gas  ions  are  used  in  an  ultra  high  vacuum 
system.  Elements  with  many  isotopes  frequently  combine  to  form  extremely 
complicated  spectra.  Werner  (Reference  7)  points  out  that  it  is  most 
advantageous  for  chemical  analysis  to  work  in  a  mode  which  preferably 
gives  atomic  ions;  on  the  other  hand,  he  says  that  for  studies  of  chemical 
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bonding,  polyatomic  ions,  which  constitute  the  fingerprint  spectrum  of  a 
given  compound,  can  be  used  to  advantage.  Molecular  ions  may  be  dis¬ 
criminated  from  atomic  Ions  because  of  the  different  energy  distribution 
of  the  two  groups.  The  energy  spectrum  of  the  distribution  of  Al3+  and 
Al+  is  much  different,  as  shown  by  Herzog  and  co-workers  (Reference  19). 

An  illustration  of  their  work  using  discrimination  on  Initial  energy 
distribution  is  shown  in  Figure  9.  By  setting  an  energy  band,  one  can 
favorably  increase  the  intensity  of  the  atomic  species,  such  as  Ai,  with 
respect  to  the  cluster  ion,  such  as  Al3+.  On  the  other  hand,  the  cluster 
ions  can  be  used  as  a  clue  to  the  molecular  species  on  the  surface,  and 
the  method  has  been  extended  into  the  analysis  and  characterization  of 
organic  materials.  This  makes  this  technique  Invaluable  for  studying 
the  adsorption  characteristics  of  various  surfaces  to  liquids  and  gaseous 
compounds.  An  example  of  a  negative  SIMS  spectrum  of  adsorbed  molecules 
is  shown  in  Figure  10  (Reference  6). 

More  recent  results  have  been  shown  and  are  summarized  in  Table  3 
on  a  variety  of  materials  such  as  vitamins,  peptides,  and  amino  acids 
(Reference  28).  An  example  of  positive  and  negative  secondary  ion  spectra 
is  shown  for  ascorbic  acid  in  Figure  11. 
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Figure  10.  Secondary  Ion  Spectrum  of  Adsorbed  Molecules: 

1-  &  2 -Butanol  on  Molybdenum  (Reference  6) 
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TABLE  3 

ABSOLUTE  YIELD  OF  "PARENT  LIKE"  SECONDARY  IONS  OF  ORGANIC 
COMPOUNDS  ON  SILVER  (REFERENCE  28) 


yield  S(X)x  100  L 


(Number  of  secondary  ions  X  100, 


formula 

mol  wt 

per  i 

incident  primary 

ion) 

I.  amino  acid 

(M  +  H)* 

(M  -  H)- 

(M  -  COOH)* 

glycine 

CjH,NO, 

75 

120.0 

- 

52.0 

a-alanine 

C,H,NO, 

89 

21.0 

40.0 

53.0 

/3-alanine 

C,H,NO, 

89 

88.0 

19.5 

7.2 

phenylalanine 

C.H,,NO, 

165 

4.0 

0.3 

ISO 

serine 

C,H,NO, 

105 

61.0 

18.0 

61 .0 

threonine 

C.H.NO, 

119 

8.3 

2.6 

13.8 

proline 

C,H,NO, 

115 

19.2 

8.8 

72.0 

valine 

C.H..NO, 

117 

8.0 

8.3 

32.0 

leucine 

C,H,,NO, 

131 

0.8 

26.4 

40.0 

norleucine 

C,H,  ,NO, 

131 

24.8 

6.5 

76.0 

arginine 

C.H..N.O, 

174 

7.2 

2.4 

2.1 

tyrosine 

C.H..NO, 

181 

7.4 

- 

13.6 

tryptophan 

C„H„N,0, 

204 

3.5 

0.8 

3.5 

cysteine 

C,H,NO,S 

121 

12.0 

11.0 

15.0 

cystine 

C4H1,NI04S, 

240 

4.0 

1.6 

1.8 

methionine 

c5h,,no,s 

149 

13.1 

5.4 

9.4 

ethionine 

C4H,  jNOjS 

163 

13.6 

5.6 

12.0 

glutamine 

C,Hl0N,O, 

146 

7.2 

8.3 

4.3 

II.  derivates  of  amino  acids 

(M  -  H)- 

(M  -  H)-  “ 

(M  -  Cl)‘ 

glycine  ethylester  HCL 

C4H10CINO, 

139 

- 

1.6 

180.0 

alanine  ethylester  HCL 

C.H^CINO, 

153 

- 

- 

48.0 

cysteinium  HCL 

CjH,ClNO,S 

157 

- 

4.0 

19.76 

taurine 

C,H,NO  jS 

125 

4.8 

- 

- 

III.  peptides 

(M  +  H)* 

(M  -  H)- 

(M  -  COOH)* 

glycylglycine 

C.H.N.O, 

132 

41.6 

4.8 

- 

glycylglycy  Iglycine 

C4H,,N,04 

189 

4.0 

0.4 

2.0 

glycylleucine 

C.H..NO, 

188 

1.6 

4.2 

3.0 

phenylalanylglycine 

C11H,.N)Oj 

222 

8.0 

1.6 

- 

IV.  drugs 

(M  +  H)* 

(M-  HI- 

(M  -  OH)* 

barbital 

C.HuN.O, 

184 

- 

44. 0 

- 

ephedrine 

c,„hmno 

165 

16.0 

- 

40.0 

atropine 

c,,h„no, 

289 

84.8C 

- 

- 

epinephrine 

C,H,  ,NO, 

183 

- 

6.4 

- 

V;  vitamins 

(M  +  H)* 

(M  -  H)- 

ascorbic  acid  (C) 

C.H.O. 

176 

3.7 

17.6 

biotin  (H) 

C,0H14N,O,S 

244 

0.3 

4.2 

nicotinic  acid  (PP) 

C.H.NO, 

123 

- 

46.4 

nicotinamide 

C.H.N.O 

122 

2.1 

15. 2d 

VI.  sulfonamides 

(M  +  H)* 

(M-H)- 

sulfanilic  acid 

C4H7NO,S 

173 

- 

16.3 

sulfanilamide 

C.H.N.O.S 

172 

0.6 

17.6 

sulfacetamide 

C.H.^I.O.S 

214 

- 

20.8 

VII.  other  compounds 

(M  +  H)* 

(M  -  H)- 

thymidine 

c,„h14n,0, 

242 

1.9 

1.3 

96.0' 

acriflavine 

c14hI4cin, 

259 

- 

- 

creatine 

C.H.N.O, 

131 

2.9 

- 

3.4' 

creatinine 

C.H.N.O 

113 

16.0 

6.0 

6.0* 

mass  of  related  amino  acid.  b 

Identical  with  (M'  + 

H)\  cM*. 

d  M".  *  (M  - 

Cir.  '  (M  +  H 

-H,0)\  *  (M 

H  +  H.O)*. 
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Positive  and  negative  secondary  ion  spectra  of  ascorbic  acid. 


Figure  11.  SIMS  Data  from  Ascorbic  Acid  (Reference  28) 
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SECTION  V 

SECONDARY  ION  YIELD 

Unknown  or  rapidly  changing  secondary  ion  yields  are  the  major 
problem  confronting  the  SIMS  technique.  Factors  influencing  secondary 
ion  yield  are  the  complex  electronic  and  chemical  properties  of  the 
surface  along  with  certain  characteristics  of  the  matrix,  and  the  con¬ 
centration  of  the  active  species.  The  absolute  secondary  ion  yields  for 

certain  elements,  such  as  aluminum,  chromium,  and  vanadium  may  change  by 

3 

as  much  as  a  factor  of  10  from  a  clean  metal  condition  to  a  fully 
oxidized  surface  (Reference  20).  In  addition,  according  to  McHugh 
(Reference  9),  the  relative  ion  yields  for  different  elements  in  the  same 

4 

matrix  can  exceed  10  ,  and  in  single  crystals  the  secondary  ion  yield  can 
vary  with  crystal  orientation.  Ion  channeling  phenomenon  in  single  crys¬ 
tals  can  also  complicate  this  situation.  Ion  yield  can  vary  greatly  with 
the  impinging  ion.  Of  course,  it  has  been  shown  that  sputtering  yield 
of  ions  and  neutrals  is  dependent  on  the  mass  and  the  energy  of  the 
primary  ion  beam.  Evidence  of  this  is  shown  in  Figure  12  from  the  work 
of  Winters  (Reference  8),  where  the  sputtering  yield  for  copper  is  cal¬ 
culated  and  compared  with  experimental  data  for  neon  on  copper,  argon 
on  copper,  and  xenon  on  copper.  The  increase  in  sputtering  yield  is  seen 
with  an  increase  in  mass  of  the  primary  ion.  There  is  also  a  very  large 
influence  on  the  sputtering  yield  with  the  angle  of  incidence,  as  shown 
in  Figure  13,  for  argon  ions  on  polycrystalline  copper  (Reference  8). 
Yields  are  also  greatly  influenced  by  the  reactivity  of  gas  making  up  the 
primary  ion  beam.  This  is  shown  in  Figure  14  (Socha,  Figure  7)  where  the 
yield  of  Al+  is  shown  as  a  function  of  time  using  argon  and  oxygen.  In 
the  case  of  argon,  there  is  a  very  fast  rising  spike  in  the  yield  which 
corresponds  to  the  natural  oxide  on  aluminum.  The  yield  drops  off 
rapidly  as  the  natural  oxide  film  is  removed.  Bombardment  with  oxygen, 
on  the  other  hand,  shows  the  same  rapid  rise,  and  then  reaches  an 
equilibrium  sputtering  rate  which  continues  because  of  the  reactivity 
of  the  oxygen  ion  beam.  This  method  of  increasing  ion  yields  has  been 
used  by  sputtering  with  noble  gas  ions  onto  a  surface  in  which  a  very 
small  jet  of  oxygen  or  other  reactive  gas  is  directed.  This  allows  the 
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Figure  12.  Sputtering  Yields  for  Copper  (Reference  8) 
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use  of  noble  gas  ion  sputtering  for  which  the  sputtering  rates  are 
well  known  and  yet  has  the  advantage  of  keeping  sputtering  rates  constant. 
One  must  remember  either  when  sputtering  with  reactive  gases  or  when 
adding  a  reactive  gas  to  Increase  the  yield  that  the  surface  chemistry  is 
being  changed,  and  that  the  true  surface  characterization  of  the  original 
surface  is  not  being  obtained.  However,  for  certain  purposes  such  as 
producing  sharp  in-depth  profile  analysis  which  are  not  subject  to  yield 
changes,  such  a  technique  must  be  employed.  Many  authors  have  shown 
tables  of  data  in  which  the  secondary  ion  yield  of  positive  and  negative 
species  and  of  clean  metals  and  pure  oxides  have  been  determined.  Such 
data  is  seen  in  Tables  4  and  5.  Generally,  these  tables  give  approximate 
values  but  the  yields  are  so  dependent  on  aspects  such  as  the  partial 
pressure  of  reactive  and  unreactive  gases  in  a  system  that  probably 
standards  must  be  run  in  a  particular  system  to  obtain  even  secondary 
standard  samples.  Yield  data  for  Ar+  and  Xe+  at  higher  voltage  (8  KV) 
are  shown  in  Table  6  (Reference  13).  Despite  the  fact  that  absolute 
values  of  ion  yield  may  not  be  the  same  as  measured  in  another  system, 
it  is  extremely  useful  to  have  even  semi-quantitative  data  available. 
Numerous  measurements  have  been  made  on  the  yield  of  both  clean  and  oxide 
covered  surfaces.  Yields  have  also  been  measured  with  both  noble  gas  and 
reactive  gas  sputtering.  In  the  earlier  and  following  tables,  yields 
for  both  clean  and  oxide  covered  surfaces  for  both  positive  and  negative 
species  are  shown  taken  primarily  from  the  work  of  Werner  (Reference  7) 
and  of  Benninghoven  (Reference  6).  In  addition,  measurement  of 
Benninghoven  (Reference  27)  on  the  yields  of  the  secondary  ions  of  the 
species  MeOn  Is  given  for  15  oxidized  elements.  Also,  calculated  values 
are  shown  of  the  lowest  detectable  concentration  for  several  elements 

O 

assuming  a  primary  ion  beam  current  of  10  ampere.  The  energy  dependence 
of  the  secondary  ion  yield  Is  seen  In  Figure  15  from  work  of  Wittmaack 
(Reference  3).  Calculations  by  Werner  (Reference  7)  show  the  relation 
between  ion  current  erosion  rate,  thickness  of  the  removed  layer,  and  the 
minimum  detectable  limit  in  Table  10. 
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TABLE  4 

RELATIVE  YIELDS  OF  SOME  ELEMENTS  FOR  THE  FORMATION  OF  NEGATIVE  IONS, 
Srel’  0F  P0SITIVE  I0NS»  s^el *  AND  THE  RATI°  Sre1/Srel  (REFERENCE  29) 


Al 

Fe 

Ge 

Zr 

Cu 

P*  Ag 

Pb 

Au 

sra. 

4.4 

□ 

12 

I 

6.6 

1.4  2.4 

0.2 

7.4 

s«. 

IS.  4 

□ 

0.» 

0.6 

0.3S 

0.13  0.05  (a  51 

0.04 

0.02 

Sral/Sral 

o.» 

ID 

13.3 

1.6 

If 

10  A 1140) 

5.5 

370 

*  rtftranc*  tkfntnl:  Iron 


TABLE  5 

POSITIVE  ION  YIELDS  FOR  CLEAN  METAL  AND  OXIDE  SURFACE  (REFERENCE  7) 


ELEMENT 

S*cld*n 

a.* 

S+oxide 

of 

S*oxid«/S*clean 

Mg 

1.5*10-* 

4  *  10'* 

1.6*10-’ 

8  *  1 0“* 

20 

Al 

2*  I0~* 

1  *10"* 

2 

1 

100 

V 

1.3*10“* 

7*10— 

1.2 

6*10"’ 

10* 

Cr 

5*10"* 

3*10"* 

1.2 

6*10“’ 

200 

Ft 

1*10"* 

5*  10— 

3.!x»-’ 

2*10"’ 

380 

M 

3* I0"» 

2*10— 

2*10— 

1 *10"* 

7 

Cu 

1.3x10"* 

7*IO-» 

A5*B“J 

2*10“’ 

30 

Sr 

2*10— 

1  *10— 

1.3*10“’ 

7*10— 

700 
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TABLE  6 

ION  YIELDS  FOR  SOME  PURE  ELEMENTS  OBTAINED  BY  USING 
XENON  AND  ARGON  PRIMARY  IONS  (REFERENCE  13) 


Ik v  xt 

8KV  Ar 

Mg 

20.9 

iff 

Al 

7.2 

740 

Ft 

4.2 

22.4 

Co 

1.5 

3.2 

M 

1.48 

l.l 

Cu 

a?9 

2.4 

Zn 

0.45 

3.2 

Zr 

0.56 

3.0 

Ml 

am 

3.7 

*9 

a  oi 

0.44 

Cd 

0.38 

0.11 

In 

1.47 

5.0 

Sn 

a  72 

Ta 

1 

1 

Au 

0.004 

0.008 

Pb 

3.0 

4.2 

SOCWk 


TABLE  7 

ABSOLUTE  SECONDARY  ION  YIELDS  S(Me+)  FOR  CLEAN  AND  OXYGEN  COVERED  SURFACES 

(REFERENCE  7) 


Metal 

S(Me+) 

Clean  surface 

S(Me+) 

oxygen  covered  surface 

Mg 

0.01 

0.9 

Al 

0.007 

0.7 

Ti 

0.0013 

0.4 

V 

0.001 

0.3 

Cf 

0.0012 

1.2 

Mn 

0.0006 

0.3 

Fe 

0.0015 

0.35 

Ni 

0.0006 

0.045 

Cu 

0.0003 

0.007 

Sr 

0.0002 

0.16 

Nb 

0.0006 

0.05 

Mo 

0.00065 

0.4 

Ba 

0.0002 

0.03 

Ta 

0.00007 

0.02 

W 

0.00009 

0.035 

Si 

0.0084 

0.58 

Ge 

0.0044 

0.02 
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TABLE  9 

CALCULATED  VALUES  OF  THE  LOWEST  DETECTABLE 
CONCENTRATION  FOR  SOME  ELEMENTS  (REFERENCE  7) 

c 

mm 

Elements  S  (ppma) 


Cu 

1.3  x  10‘4 

150 

Ni 

3  x  10~3 

7 

A1 

2  x  10-2 

1 

* 

< 

c 

min 

t 

Oxides 

S+ 

(ppma) 

1 

1 

Cu 

4.5  x  10“3 

5 

r 

Ni 

2  x  10"2 

1 

A1 


2 


0.01 
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TABLE  10 


RELATION  BETWEEN  PRIMARY  ION  CURRENT,  EROSION  RATE,  THICKNESS  OF 
REMOVED  LAYER  AND  MINIMUM  DETECTABLE  CONCENTRATION  (REFERENCE  7) 

cmin  -  1/<ZV 


Primary 

Erosion 

Thickness  of 

Ion 

Rate  . 

Removed  Layer 

cmin 

ip  (A) 

z  (A  s  1) 

in  t  =  200  s 
a 

(ppma) 

-8 

10  ° 

2 

400  A 

10 

-7 

10  ' 

20 

4000  A 

1 

10"6  1 

200 

4  pm 

0.1 

-4  2 

Bombarded  area  A^rlOO  pm  (10  cm  ) 

Concl.  simultaneous  \ 

/Photoplate  or 

multi-elementi  — » 

/multi-collector 

detection  ) 

|(electr  detection) 

Statistical  fluctuations  ~  (sputtered  volume) 

In  the  SIMS  technique  using  the  ion  microprobe  large  amounts  of 
material  are  sputtered  away.  In  SIMS  experiments  with  standard  commercial 
UHV  instruments,  less  material  is  sputtered  but  still  there  is  a  good 
deal  of  disturbance  of  the  surface.  However,  if  we  want  to  investigate 
a  surface  reaction  on  a  solid  without  any  disturbance  of  the  reaction 
itself  by  the  ion  bombardment,  we  must  choose  a  lifetime  of  the  monolayer 
surface  which  is  long  compared  with  the  time  of  ion  bombardment.  There¬ 
fore,  the  primary  ion  current  density  has  to  be  lower  and  in  order  to 
compensate  for  this  we  have  to  bombard  a  large  area.  This  technique  in 
which  the  average  lifetime  of  a  single  monolayer  is  in  the  order  of  hours, 
is  called  the  static  method  of  secondary  ion  mass  spectroscopy  (SSIMS). 
Benninghoven  (Reference  6)  reports  that  .the  detection  limit  of  a  given 
component  in  a  single  monolayer  is  between  10  and  0.01  parts  per  million 
of  one  monolayer. 
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Most  SIMS  instruments  using  quadrupole  mass  analyzers  have  at  least 
one  mass  unit  resolution  up  to  mass  300  or  so.  This  resolution  is 
adequate  for  many  purposes;  however.  If  it  is  required  to  resolve  some 
analytical  ions  from  Interfering  polyatomic  ions,  then  much  higher 
resolution  is  required  as  shown  in  Table  11.  (Werner  (Reference  7)  from 
unpublished  data  of  Evans.) 

TABLE  11 

TYPES  OF  INTERFERENCES  AND  TYPICAL  EXAMPLES  (REFERENCE  7) 


Interference 

'ft* 

Interfering 

ion 

Anelyt. 

ion 

Required 

resolution 

Multiply  charged 

“Si** 

..N. 

950 

matrix  ion 

»p* 

3200 

Matrix  selfpolymers 

"V 

«s* 

1100 

ions 

“SI,? 

“fe* 

2950 

Prim,  ion- matrix 

Cu,0v 

J0,Pb» 

1050 

molecular  ions 

Si,0* 

“As* 

3250 

Ai<y 

»Co* 

1500 

Hydride  ions 

“SiH* 

llpf 

4000 

FeH* 

“Mn* 

3300 

SnH* 

®Sb* 

14500 

Hydrocarbon  ions 

C,H* 

»AI* 

650 

c,n; 

«Cu* 

650 

C,H, 

CN 

2000 

,ii 

4  ' '  * 
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SECTION  VI 
ELEMENTAL  PROFILING 

In-depth  elemental  profiling  has  the  ability  to  sputter  the  surface 
and  maintain  a  constant  monitor  of  the  composition  with  depth.  Such 
in-depth  profiling  may  also  be  accomplished  by  ISS,  AES,  and  PES  using 
sputtering  techniques  and  with  other  techniques  such  as  Rutherford 
backscattering  in  which  sputtering  methods  are  not  used.  In  addition  to 
the  use  of  SIMS  for  elemental  depth  profiling  going  into  the  air  solid 
interface  that  method  is  also  extremely  useful  for  profiling  through 
solid-solid  interfaces  which  may  be  far  below  the  surface.  A  great 
improvement  in  elemental  depth  profiling  using  SIMS  is  obtained  when  the 
ion  beam  is  rastered  generally  into  a  square  pattern  and  the  signal  is 
only  accepted  over  a  portion  of  the  flat  bottomed  crater.  This  raster 
gate  technique  is  diagramatically  shown  in  Figure  16  from  work  of  Magee 
et  al  (Reference  16).  Another  method  of  profiling  with  depth  is  to  use 
a  high  intensity  static  beam  to  sputter  a  deep  crater  into  a  material. 

Then  the  beam  is  focused  to  a  smaller  size  and  the  beam  moved  across  the 
edge  of  the  crater  or  the  sample  moved  under  the  beam.  This  method  allows 
for  numerous  repeat  measurements  of  different  areas  around  the  crater, 
as  compared  to  the  finite  length  of  time  possible  during  dynamic  sputtering 
and  monitoring  of  a  given  element. 

The  ideal  true  profile  is  rectangular  shaped  with  the  measured 
profile  represented  by  an  integrated  error  function.  The  interface  with 
delta  t  (in  terms  of  sputtering  time  t)  or  delta  z  (in  terms  of  depth  z) 
is  arbitrarily  defined  as  the  interval  where  the  density  drops  from  84% 
to  16%  of  maximum  signal,  equivalent  to  two  standard  deviations  (two 
sigma  of  the  error  curve).  Alternative  definitions  found  in  the  literature 
are  based  on  the  90%/10%  or  the  95%/5%  interval  corresponding  with  2.56 
sigma  or  3.29  sigma,  respectively.  In  depth  profiling,  the  desired 
quantity  is  concentration  which  is  a  function  of  depth  z  and  must  be 
derived  from  the  measured  intensity.  Honig  and  Magee  (Reference  23)  point 
out  that  there  are  numerous  factors  which  contribute  to  an  increasing 
width  of  the  interface  (Reference  23),  when  profiling  with  ions.  They 
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Figure  16.  Raster/Gating  Technique  for  Elemental  Profiling  (Reference  23) 

list  the  following  factors  which  influence  the  interface  with  the 
greatest  degree:  1)  Instrumental  (inhomogeneities  and  fluctuating  primary 
beam  and  so  forth),  2)  Initial  Surface  Roughness  (imperfection,  crystal 
orientation  and  so  forth),  3)  Information  Depth,  4)  Ion  Mixing  Effect 
and  Lattice  Damage,  5)  Basic  Sputtering  Process  (statistical  consider¬ 
ations),  6)  Preferential  Sputtering  (surface  enrichment),  7)  Atomic 
Migration,  and  8)  Chemical  Reaction.  An  example  of  one  broadening 
source  is  shown  in  Figure  20,  where  the  AES  depth  profile  of  nickel  and 
chromium  in  a  multilayer  sandwich  structure  is  shown  from  a  smooth  surface 
and  from  a  rough  surface.  The  interfacial  broadening  of  the  rough  sur¬ 
face  is  seen  in  The  AES  depth  profile  in  Figure  20. 

A  serious  problem  encountered  in  SIMS  analysis  is  that  of  specimen 
charging.  Impact  of  energetic  positive  ions  causes  development  of  a 
positive  charge  on  the  surface  of  the  insulator.  This  charge  will 
influence  or  even  prevent  the  emission  of  secondary  ions.  To  overcome 
this  charging  of  insulators  there  have  been  numerous  methods  used,  as 
seen  in  Table  12.  Some  of  these  have  significant  limitations  or 
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TABLE  12 


METHODS  OF  CHANGE  NEUTRALIZATION  (REFERENCE  7) 

(1)  Deposition  of  a  conducting  thin  film  or  of  a  grid. 

(2)  Use  of  Cs+  as  primary  ions,  in  this  way  a  conducting  layer 
is  continuously  built  up  by  the  primary  ion  bombardment. 

(3)  Compensation  of  the  charging  by  means  of  an  extra  electron 
beam. 

(4)  Use  of  neutral  beams:  the  charging  is  reduced  from  the 
case  of  positive  primary  ions,  see  equation  (8),  to: 

AVn  =  ris  as  the  neutral  beam  does  not  bring  any  charge  to 
the  surface. 

(5)  Application  of  special  electrodes  for  draining  excessive 
negative  charge . 

(6)  Shift  of  target  holder  potential  by  AV  in  a  direction 
opposite  to  the  previous  charging  of  the  insulator. 


contaminate  the  surface  by  coating  a  conductor  on  the  surface  of  the 
insulator.  In  the  mechanism  of  the  charging  of  the  insulator  surface  the 
impact  of  the  positive  ions  cause  secondary  electron  emission  and 
consequently  positive  charge  buildup.  The  obvious  way  of  removing  this 
charge  is  then  to  flood  the  surface  with  a  beam  of  low  energy  electrons 
restoring  charge  neutrality.  This  method  of  charge  compensation  by 
electron  bombardment  is  shown  from  work  of  Muller  (Reference  22)  in 
Figure  17.  Muller's  method  has  the  advantage  that  deflecting  the  electron 
beam  means  that  the  surface  of  the  sample  cannot  see  the  hot  electron 
source  and  therefore  cannot  be  contaminated  by  material  boiled  from  the 
electron  source.  Since  there  is  no  direct  line  of  sight,  there  is 
little  heating  caused  by  electrons  from  the  filament.  An  example  of 
SIMS  spectra  in  the  high  mass  range  from  an  insulator  when  using  the 
charge  compensation  method  of  Muller,  is  seen  in  Figure  18.  Here  strong, 
sharp  symmetrical  peaks  are  observed  well  out  into  the  mass  300  range 
from  the  polymer  Teflon. 
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Figure  17.  Charge  Compensation  in  a  SIMS  Instrument  (Reference  22) 


*  10  »?0  >50 _  » 100  » 2QQ 

Teflon 


Ne‘.  2keV 
I  =5.  Iff*  A 


Mass  spectrum  (linear  scale)  for  the  positive  secondary  ions  from  Teflon  up  to  »i/r  =  JJO 


Figure  18.  SIMS  Spectrum  in  Mass  Range  160-330  from  Teflon  Using 
Charge  Neutralization  (Reference  22) 
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The  quality  of  the  depth  profile  (called  the  depth  resolution)  is 
best  described  in  terms  of  the  measured  width  of  an  interface  between 
two  layers,  and  is  represented  in  Figure  19.  Major  limitations,  as 
seen  by  Honig  and  Magee  (Reference  23),  of  depth  profiling  along  with 
their  remedies  for  these  limitations  are  shown  in  Table  13. 

1.  IMAGING 

Secondary  ion  images  that  provide  a  two-dimensional  elemental 
characterization  of  the  surface  can  be  produced  either  by  the  scanning 
microprobe  method  or  by  the  direct  ion  imaging  method.  The  method  of 
the  scanning  microprobe  is  directly  analogous  to  the  methods  used  in 
the  electron  microprobe.  In  this  case,  a  small  ion  beam  is  scanned 
across  the  surface  and  the  secondary  ions  are  recorded.  The  spot  is 
rastered  along  the  surface  of  the  sample  and  synchronized  with  a  cathode 
ray  tube  (CRT),  such  that  an  ion  image  may  be  developed  on  the  CRT.  Major 
components  for  an  ion  microprobe  mass  analyzer  are  shown  in  Figure  21. 
Another  method  of  producing  an  image  could  more  properly  be  called  an 
ion  microscope.  This  is  an  instrument  which  combines  a  mass  spectrometer 
with  an  ion  imaging  microscope.  The  instrument  forms  a  surface  distribu¬ 
tion  map  of  the  elements  sputtered  away  from  the  surface  of  the  specimen. 
An  instrument  of  this  type  is  seen  in  Figure  22.  Here  an  electrostatic 
immersion  lens  is  used  to  extract  the  secondary  ion  beam  and  to  direct 
it  to  a  special  mass  spectrometer  which  has  both  radial  transverse 
focusing  properties.  The  mass  spectrometer  portion  separates  the  masses 
so  that  a  given  atomic  mass  may  be  selected.  The  ion  beam  passes  through 
the  magnetic  field's  electrostatic  mirror  which  reflects  the  beam  back 
through  the  magnet  to  the  exit  slits.  The  ion  beam,  however,  is  preserved 
as  an  ion  image  which  is  then  projected  on  an  image  converter  which 
produces  an  equivalent  electron  image.  This  image  may  be  displayed  on  a 
fluorescent  screen  for  direct  viewing  or  photographed  in  the  same  manner 
as  with  an  electron  microscope.  The  screen  may  also  be  removed  and  direct 
electronic  readout  may  be  obtained  using  a  scintillator  system. 
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Figure  19.  Depth  Profile  Parameters  (Reference  23) 


AES  Depth  Profiles 
Ni-Cr  Multilayers 


smooth  (10  nm) 


rough  (Urn) 


Figure  20.  Influence  of  Roughness  on  Elemental  Depth  Profile 
Width  and  Resolution  (Reference  23) 
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TABLE  13 

LIMITATIONS  AND  REMEDIES  IN  DEPTH  PROFILING  (REFERENCE  23) 


MAJOR  LIMITATION 

•  CONVERTING  SPUTTERING  TIME  t  INTO  DEPTH  z 

ESPECIALLY  AT  INTERFACE 

•  CONVERTING  MEASURED  INTENSITY  I  INTO  TRUE 

CONCENTRATION  C 

•  MICROSTRUCTURE  AND  CONE  FORMATION 

•  PREFERENTIAL  SPUTTERING  WITH  SURFACE 

ENRICHMENT 

•  EXCESSIVE  INFORMATION  DEPTH 

•  LATTICE  DAMAGE 

•  CHEMICAL  EFFECTS  (REDUCTION  OF  OXIDES) 

e  MOBILE  SPECIES  IN  INSULATING  MATRIX 
(e.g.  Na/Si02) 


REMEDY 

•  MATCH  FILM  TO  SUBSTRATE  (SIMILAR 

YIELDS  Y,  RATES  i) 

•  SIMS:  OXYGEN-FREE  SYSTEM,  OR  SATURATE 

WITH  02 

•  OPTICALLY  FLAT  SUBSTRATE 

•  AMORPHOUS  LAYERS,  IF  POSSIBLE 

•  APPROPRIATE  ION  SPECIES  (N2  +  OR  02+) 

•  SIMS  RATHER  THAN  AES  OR  XPS 

•  AES,  XPS:  CHOOSE  LINE  CLOSE  TO  MINIMUM 
•SIMS:  USE  LOWEST  FEASIBLE  ION  ENERGY 

•  XPS:  USE  MINIMUM  ION  ENERGY,  MOST 

SUITABLE  ION  SPECIES 

•  CHARGE  NEUTRALIZATION:  BY  SEPARATE 

ELECTRON  BEAM  OR  ELECTRODE,  OR 
CHOICE  OF  SAMPLE  ANGLE 


vwne 


Figure  21.  Components  of  an  Ion  Microprobe 
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An  example  of  a  typical  ion  image  in  this  case  prepared  by  the 
scanning  ion  microprobe  is  shown  in  Figure  23.  Here  the  image  of  an 
aluminum  grid  pressed  into  gold  (Reference  24)  is  shown  using  A1  ions. 
The  picture  shows  an  area  300  micrometers  (Reference  2)  and  required  two 
seconds  to  expose. 

Another  concept  in  imaging  is  shown  in  Figure  24  where  the  SIMS 
apparatus  is  coupled  with  a  high  resolution  scanning  electron  microscope 
(Reference  25).  Here  a  leak  valve  admits  a  suitable  gas  into  the  ion 
source  region  where  ions  are  produced  and  accelerated  at  voltages  up 
to  5  KeV.  Lens  assemblies  permit  focusing  of  the  ion  beam  from  less 
than  100  micrometers  to  a  few  millimeters  diameter  on  the  specimen 
surface.  Deflection  plates  enable  scanning  of  the  ion  beam  for  imaging 
or  depth  profile  purposes.  To  prevent  contamination  from  diffusion  pump 
oils  depositing  on  the  specimen  surface,  a  liquid  nitrogen  (L^)  cold  trap 
is  used  either  surrounding  the  specimen  or  in  the  inlet  to  the  diffusion 
pump.  A  gas  capillary  jet  directed  at  the  specimen  surface  may  be  used 
to  reduce  surface  contamination  from  hydrocarbon  pump  oils.  The  use  of 
oxygen  in  the  capillary  jet  when  a  noble  gas  is  used  for  sputtering 
also  provides  an  active  gas  on  the  surface  to  maintain  high  and  constant 
secondary  ion  yields. 
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Figure  23.  Scanning  Ion  Image  of  an  Aluminum  Grid  on  Gold 


SEM  SIMS  APPARATUS 


SCHEMATIC  DIAGRAM  OF  SEM /SIMS  APPARATUS 


Figure  24.  SIMS/SEM  Combination  (Reference  25) 


SECTION  VII 


SIMS  AS  A  COMPLEMENT  TO  OTHER  METHODS  OF  SURFACE  ANALYSIS 

It  is  recognized  that  SIMS  has  been  used  successfully  as  a  stand¬ 
alone  technique  to  solve  many  surface  problems.  However,  it  appears 
that  the  area  of  greatest  use  of  the  SIMS  technique  is  as  a  complement 
to  other  surface  characterization  methods.  The  extremely  high  sensitivity 
for  some  elements  can  be  taken  advantage  of  by  using  SIMS  with  other 
techniques  in  which  these  elements  do  not  show  such  high  sensitivity. 

The  high  sensitivity  of  SIMS  for  hydrogen  and  low  atomic  number  elements 
is  a  particular  advantage  when  SIMS  is  used  with  techniques  such  as 
ion  scattering.  Since  ion  scattering  and  each  of  the  other  surface 
characterization  methods  in  which  profiling  data  is  obtained  by  erosion 
uses  an  ion  beam,  it  is  only  natural  to  take  advantage  of  this  erosion 
by  ions  by  analyzing  these  sputtered  species.  Figure  25  shows  typical 
arrangements  for  complementary  use  of  SIMS  with  ISS  and  AES.  Even  when 
the  usual  geometry  cannot  be  used  In  an  existing  instrument,  a  little 
ingenuity  in  design  can  provide  good  SIMS  results  such  as  in  the  design 
of  Figure  26.  An  area  in  which  SIMS  proves  very  valuable  is  to  dif¬ 
ferentiate  between  nearby  elements  in  which  sufficient  resolution  is  not 
obtained  in  the  accompanying  technique.  Such  an  example  was  reported 
where  the  ion  scattering  spectrum  of  a  foil  lining  screw  cap  showed  only 
an  unresolved  peak  which  could  have  been  either  indium  or  tin.  SIMS 
data  on  the  other  hand,  showed  unmistakably  that  a  mixture  of  the  two 
elements  were  present  in  the  foil  liner.  Still  another  extremely  useful 
area  is  a  similar  example  as  shown  in  Figure  27  where  the  titanium  alloy 
Ti6A14V  has  been  treated  with  a  commercial  phosphate  fluoride  treatment 
and  gives  the  ion  scattering  spectrum  to  the  right  of  the  figure.  It  can 
be  seen  that  the  surface  is  contaminated  but  it  is  not  obvious  whether 
the  contaminated  peak  is  calcium  or  potassium.  The  SIMS  data  to  the 
left  of  the  ISS  spectra  shows  that  primarily  calcium  is  present  on  the 
surface  and  is  responsible  for  the  shoulder  on  the  side  of  the  titanium 
peak.  Note  also  the  vanadium  at  atomic  mass  No.  51  and  the  inability 
of  ISS  to  differentiate  between  titanium  and  vanadium. 
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The  extremely  high  sensitivity  for  low  atomic  number  elements  such 
as  beryllium  was  taken  advantage  of  in  the  solidification  behavior  of  a 
Be40Ti50Zr10  9lass*  It;  was  found  in  this  study  and  illustrated  in 
Figure  28  that  an  excess  amount  of  beryllium  was  found  on  the  surface 
of  the  as-cast  material.  The  material  was  quenched  rapidly  on  a  copper 
plate  and  traces  of  copper  on  the  alloy  surface  were  found.  Cluster 
spectra  in  the  region  of  mass  25-30  also  shows  that  the  beryllium  is 
probably  in  an  oxidized  state  or  exists  as  a  hydroxide  on  the  surface. 
Thus  SIMS  by  inference  gives  somewhat  more  information  than  techniques 
giving  only  elemental  characterization  information.  In  addition  to 
showing  sensitivity  for  many  low  atomic  number  elements,  the  SIMS 
technique  has  high  sensitivity  for  many  high  atomic  number  elements. 

An  example  of  this  is  shown  in  Figure  29,  where  a  small  amount  of  lead 
(Pb)  impurity  is  seen  in  uranium  dioxide.  This  lead  impurity  was  not 
observed  or  separated  in  any  of  the  bther  elemental  techniques. 

Mass  resolution  of  SIMS  Is  clearly  an  aid  to  ISS  when  examining 
certain  groups  of  elements  having  adjacent  mass  numbers  which  cannot  be 
resolved  by  ISS.  Figure  30  shows  the  ISS  spectra  of  chemically  cleaned 
aluminum  and  aluminum  treated  with  a  dilute  sodium  silicate  solution. 
While  the  slight  shift  in  the  aluminum  peak  position  suggests  silicon, 
it  is  insufficient  except  for  very  questionable  qualitative  analysis. 
Figure  30  shows  the  SIMS  spectra  of  the  same  samples.  The  ratio  of 
silicon  to  aluminum  in  the  outer  layers  of  the  silicate  treated  aluminum 
appears  to  be  about  three  to  one.  Depth  profile  analyses  showed  the 
thickness  of  the  silicate  coating  to  be  only  a  few  monolayers. 

Baun  (Reference  32)  showed  a  very  similar  example  in  a  study  of 
adhesive  bonding  surfaces  on  aluminum  alloys.  Even  "as  received" 
materials  show  surprising  surface  composition  as  seen  in  Figure  31  where 
SIMS  and  ISS  data  on  2024  aluminum  alloy  (degreased)  indicate  high 
magnesium  concentration  at  the  surface.  Conventional  alkaline  cleaning 
treatments  do  not  etch  the  surface  appreciably,  leaving  the  surface 
magnesium  rich.  Such  a  surface  when  adhesively  bonded  may  exhibit  long 
time  durability  anomalies  when  compared  with  bonded  structures  in  which 
formation  of  aluminum  oxide  has  been  ensured.  The  same  author 


43 


(Reference  33)  also  showed  that  Ion  scattering  spectrometry  and  secondary 
ion  mass  spectrometry  provide  useful  information  on  the  locus  of  failure 
in  an  adhesive  joint  even  when  the  film  is  only  on  the  order  of  atomic 
dimensions  or  when  the  failure  occurs  near  the  original  interface  and 
includes  parts  of  both  the  adhesive  and  adherend.  SIMS  was  a  near 
necessity  in  providing  analysis  of  neighboring  elements  with  the  required 
sensitivity  for  adhesive  bonding  research. 
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SECTION  VIII 
APPLICATIONS 

Many  of  the  papers  which  appear  In  the  literature  concern  primarily 
the  technique  of  using  SIMS;  however,  as  the  method  becomes  better 
developed  more  and  more  applications  will  appear.  In  the  accompanying 
bibliography  many  illustrations  are  seen  in  which  the  technique  is  used 
either  by  itself  or  as  a  complementary  method  to  another  surface 
characterization  tool.  For  instance,  it  is  used  for  the  study  of  thin 
films  (2H),  the  surface  chemistry  of  stainless  steels  (3A),  silicon 
oxygen  interaction  (3F),  surface  oxidation  studies  on  iron  (5D),  and  of 
copper  beryllium  surfaces  (9F).  The  index  to  the  bibliography  provides 
a  comprehensive  list  of  applications  of  SIMS. 

Sparrow  (Reference  34)  has  shown  numerous  applications  of  SIMS  such 
as  depicted  in  Figure  32,  spectra  from  three  aluminum  castings  prepared 
for  painting.  Sparrow  shows  that  in  many  cases,  particularly  castings, 
metal  surfaces  are  physically  abraded  prior  to  deposition  of  paints, 
polymers  or  laminates.  These  techniques  serve  two  distinct  purposes: 

1)  they  remove  the  undesirable,  thick  surface  oxides  and  contaminants, 
and  2)  they  produce  a  modified  surface  texture  more  desirable  for  the 
finished  surface.  The  normal  automatic  mechanical  techniques  used 
occasionally  do  not  remove  contaminants  sufficiently.  Figure  32  illus¬ 
trates  SIMS  spectra  from  three  cast  A1  devices  analyzed  prior  to  paint 
coating.  Specimen  C  indicates  the  original  A1  as  received  contains 
substantially  high  levels  of  Na,  Mg,  Si,  and  Ca.  Sample  B  was  sanded 
mechanically  but  still  exhibits  unusually  high  levels  of  Si.  Both  A1 
surfaces  B  and  C  resulted  in  paint  coatings  which  exhibited  early  peeling 
and  corrosion  during  normal  exposure  to  humid  environments.  Manual 
sanding  prior  to  paint  coating  resulted  in  removal  of  most  Si  as 
illustrated  in  A  and  yielded  a  product  with  an  extended  lifetime  under 
similar  environmental  conditions.  Sporadic  and  variable  performance 
could  also  be  correlated  with  the  normal  variations  in  surface  concen¬ 
trations  of  these  contaminants  on  the  original  casting  as  received. 

Sparrow  (Reference  35)  has  also  developed  a  relationship  used  to  calculate 
SIMS  relative  sensitivities  which  has  been  found  to  be  extremely 
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Figure  32.  SIMS  Spectra  from  Three  AT  Castings  Showing 
Insufficient  Removal  of  Contaminants  Causing 
Reduced  Weatherability  of  Paint  Coating  (Reference  34) 


valuable  for  general  use  in  providing  reliable  quantitative  approximations 
for  most  materials.  Further,  more  accurate  relationships  can  be  used  for 
each  specific  problem;  however,  this  relationship  is  reasonably  accurate, 
simple,  and  convenient  for  general  applications. 

Several  applications  of  this  technique  to  catalysts  have  been  made. 
Figure  33  illustrates  results  for  one  of  these  applications.  Small 

beads  approximately  one  millimeter  in  diameter  homogeneously  treated 
with  Ni  and  Mo  were  analyzed  to  determine  the  cause  of  failures  to 
rejuvenate  spent  catalyst.  It  is  obvious  that  the  spent  catalyst  is 
contaminated  with  Fe  and  low  in  Ni. 

DiBennedetto  and  Scola  (Reference  36)  have  used  both  ISS  and  SIMS  to 
characterize  surfaces  of  treated  glass  fibers  and  fiber/polymer  inter¬ 
faces.  The  results  show  how  SIMS  can  be  used  to  study  the  chemistry  at 
the  surface  and  chemical  changes  on  the  surface  and  at  interfaces.  By 
working  at  low  power  levels  with  insulator  surfaces,  the  SIMS  analysis 
showed  changes  in  the  structure  of  a  polymerized  silane  coating  as  a 
function  of  depth  of  penetration  into  the  interface.  The  concentration 
of  nitrogen  and  hydrogen  generated  from  the  surface  maintained  a 
relatively  constant  level  as  the  distance  from  the  air-silane  interface 
increased;  then  within  160A  into  the  surface,  a  dramatic  increase  in  the 
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Figure  33.  Quantitative  Results  Obtained  from  SIMS  Analysis 
of  Fresh  &  Spent  NI/Mo  Catalysts  (Reference  35) 


nitrogen  level  was  noted,  to  a  depth  of  240A.  In  this  region,  the 
simplicity  of  the  SIMS  spectra,  with  major  peaks  corresponding  to  the 
atomic  constituents  of  y-aminopropyltriethoxysilane,  namely,  H,  C,  N,  0, 
and  Si,  suggested  that  low-molecular-weight  oligomer  was  present  in  this 
region.  This  means  that  the  silane  coating  was  not  sufficiently  cured 
to  provide  a  mechanically  stable  interface.  Finally,  from  240A  to  the 
silane-glass  interface,  the  nitrogen  and  hydrogen  generated  from  the 
surface  reached  a  lower  constant  level  but  about  three  times  higher  than 
that  generated  from  the  air-silane  domain.  This  suggests  that  the 
silane  polymer  coating  adjacent  to  the  glass  interface  is  different  from 
the  silane  polymer  at  the  air  interface.  Thus,  it  is  clear  that  the 
ISS/SIMS  technique  can  be  used  to  define  the  interface  and  interphase 
regions  and  also  to  follow  changes  at  the  interface  due  to  a  chemical 
reaction. 
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SECTION  IX 

SOURCES  OF  INFORMATION  ON  SIMS 

SIMS  is  similar  to  many  areas  of  research  in  that  there  is  no  one 
place  in  which  much  of  the  data  is  published.  There  is  a  relatively 
large  bank  of  data,  but  it  is  scattered  among  many  journals  and  periodicals. 
There  are,  of  course,  various  abstracting  services  such  as  Chemical 
Abstracts,  Physical  Abstracts,  and  Science  Abstracts.  There  are  numerous 
reports  and  patent  search  services,  both  private  and  in  the  government 
sector.  Several  services  may  be  subscribed  to  and  include  Current 
Contents  (Institute  for  Scientific  Information,  Philadelphia,  Pa)  which 
reproduces  the  contents  of  current  journals  and  other  services  such  as 
Index  to  Scientific  and  Technical  Proceedings.  The  Chemical  Abstracts 
Service  (POB  3012,  Columbus,  Ohio)  also  offers  numerous  services  including 
the  very  useful  "CA  Selects,"  produced  every  two  weeks  by  a  computer 
search  of  Chemical  Abstracts.  "CA  Selects"  is  based  on  a  concept  pioneered 
by  United  Kingdom  Chemical  Information  Service.  Several  "CA  Selects" 
topics  are  of  interest  to  the  surface  analyst.  A  sample  page  from  the 
title.  Surface  Chemistry  (Physiochemical  Aspects)  is  shown  in  Figure  34. 

The  Mass  Spectrometry  Bulletin  published  monthly  in  the  United  Kingdom 
has,  in  Section  6,  "Surface  Phenomena  and  Solid  State  Studies."  A  sample 
column  is  shown  in  Figure  35  from  Section  6. 

Early  SIMS  bibliographic  material  to  1972  was  published  by  Balzers 
Corporation  and  the  3M  Company  maintained  a  SIMS  bibliography  of  more 
modern  work.  There  have  been  numerous  SIMS  reviews  as  seen  in  the  attached 
bibliography. 

Appendix  C  is  the  compilation  of  early  literature  by  Balzers. 

Appendix  D  is  a  computer  search  of  recent  (1972  -  present)  SIMS  references. 
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Page  13  CA  Selects- Surface  Chemistry  Issue  12, 1978 


88:  181773q  A  comparison  of  a  theoretical  model  and  of  thin  films  and  the  surface  layers  of  solids.  Liebich,  V.; 

sensitivity  factor  calculations  for  quantification  of  SIMS  Mai,  H.  (Cent  Inst  Hard  Subst  Mater.,  Dresden,  E.  Ger.). 

data.  Smith,  David  H.;  Christie,  W.  H.  (Anal.  Chem.  Div.,  Probl  Fit.  Tverd.  Tela  Materialoved.,  Tr.  Simp.,  AW.  Nauk 

Oak  Ridge  Natl.  Lab.,  Oak  Ridge,  Tenn.).  Int.  J.  Matt  SSSR  GDR  1978,  411-13  (Russ).  Edited  by  Orlov,  A.  N.; 

Spectrom.  Ion  Phys.  1978,  26(1),  61-76  (Eng).  The  theor.  local  Rozhanaldi,  V.  N.;  Kremenskaya.  I.  N.  'Nauka*:  Moscow, 

thermal  equil.  model  of  C.  Andersen  and  JT  Hinthorne  (1973)  USSR.  Tech,  modifications  to  the  MS  7  mass  spectrometer  in 

and  the  empirical  method  based  on  using  av.  relative  sensitivity  order  to  reduce  crater  depths  produced  by  spark  discharges  are 

factors  for  detg.  surface  element  concns.  by  secondary-ion  mass  briefly  described.  The  shallower  crater  depths  were  preferred  for 

spectroscopy  were  compared  by  using  ~1000  data  points  anal,  of  thin  films  and  solid  surfaces.  Crater  depths  of  0.04-0.13 

obtained  from  13  glass  and  5  Fe  stds.  The  results  showed  that,  um  on  the  surface  of  metal  samples  and  of  0.02-1  pm  on  Cu 

if  a  suitable  set  of  sensitivity  factors  can  be  obtained,  more  layers  on  glam  substrates  were  obtained.  H.  P.  Maakova 

accurate  results  were  obtained  through  their  use.  Exptl.  results 

were  within  a  factor  of  2  of  the  expected  values  85%  of  the  time  88:  181974f  Low  energy  ion  scattering  (LEI8)  for  composition 

when  the  sensitivity  factor  method  was  used,  but  were  within  and  structure  analysis  of  the  outer  surface.  Brongersma,  H. 

that  factor  only  55%  of  the  time  when  the  theor.  model  was  H.;  Buck,  T.  M.  (Philips  Res.  Lab.,  Eindhoven,  Noth.).  Nucl. 

used.  The  advantages  and  disadvantages  and  exptl.  considerations  Inttrum.  Methods  1978,  149(1-3),  569-75  (Eng).  The  energy 

for  each  method  were  discussed  in  detail.  distribution  of  low-energy  ions  (1-2  keV)  scattered  at  some 

specific  angle  from  a  solid  surface,  can  provide  information  on 

88:  181857v  The  determination  of  adsorbed  sodium,  potas-  the  mass,  or  identity,  and  the  no.  of  surface  atoms,  through  the 

slum,  magnesium,  and  calcium  on  sediments  containing  energy  position  and  magnitude,  reap.,  of  peaks  in  the  spectrum, 

calcium  carbonate  and  magnesium  carbonate.  Neal,  Colin  The  sampling  depth  is  restricted  to  1-2  atom  layers.  For 

(Inst  Hydrol.,  Wallingford,  Engl.).  Clays  Clay  Miner.  1977,  single-crystal  targets,  surface  structure  or  atom  location  information 

25(4),  253-8  (Eng).  A  method  is  described  for  the  detn.  of  Na,  can  be  derived  from  shadowing  and  multiple  scattering  effects. 

K,  Mg,  and  Ca  cations  adsorbed  on  clay  minerals  mixed  with  Applications  to  equil.  surface  segregation  in  alloys  and  the 

CaCOj  and  MgCOj.  The  exchangeable  cations  are  displaced  by  location  of  S  atoms  on  the  Ni  (001)  surface  are  shown  as 

using  an  ethanolic  LiCl-CsCI  soln.  Blank  detns.  using  either  a  examples.  The  importance  of  inelastic  effects  is  discussed, 

second  ethanolic  leach  or  a  second  LiCl-CsCI  leach  are  used  to 

correct  for  carbonate  disaoln.  The  method  was  tested  by  using  88:  182048u  Use  of  poly(organoeilseoauioxanee)  as  sorbents 
mixta,  of  homoionic  forms  of  smectite  and  kaolinite  with  either  in  liquid  chromatography.  Ivanova,  N.  T.;  Vanyukov,  S.  E.; 

CaCOa  or  MgCOj.  The  smectite  and  kaolinite  had  total  cation  Syavtsilio,  S.  V.;  Vislykh,  N.  A.;  Demchenko,  A.  I.;  Loakutnikova, 

exchange  capacities  of  765  and  39.8  mequiv/kg,  reap.,  and  the  G.  G.  (USSR).  Usp.  Gatov.  Khromatogr.  1975,  4,  Pt  1, 

amt.  of  cation  exchanged  varied  directly  with  the  proportion  of  211-16  (Russ).  Synthesis  of  poly(methylsilsesquioxane), 

clay  mineral  in  the  mixt  Tests  with  imectite-CaCOa  mixta,  in  polyimethyiphenyisitoquioxane),  and  potyivinyiphenyhilsesqiiinrane) 

sea  waters  of  various  salinity  vindicated  the  use  of  the  method  by  hydrolytic  polycondensation  of  the  corresponding  cMorosilanes 

with  heteroionic  forms  of  smectite  and  suggested  that  the  is  described  and  the  physs.  properties  (sp.  surface,  thermal 

fixation  effect  reported  in  other  studies  of  clay  minerals  in  stability)  of  the  products  are  given.  The  sorbents  can  be  used 

estuarine  conditions  may  be  an  artifact.  for  liq.  chromatog.  of  different  types  of  com  pda.  Retention  data 

of  some  compds.  contg.  Cl  and  ether  ana  amino  jroupa  are 

88:  I81904h  ESCA  iaveatigatioa  of  the  oxide  layers  on  tabulated.  H.  Bulan tova 

some  chromium  containing  alloys.  Storp,  S.;  Holm,  R.  (Ing. 

Ber.  Angew.  Phys.,  Bayer  A.-G.,  Leverkusen,  Ger.).  Surf.  Set.  88:  182953a  Porous  polyaroawUc  beads.  II.  The  use  of 
1977,  68,  10-19  (Eng).  Cr  in  oxide  layers  formed  on  Cr,  bromlaated  polymers  in  gas  chro autography.  Linduy 
stainless  steel,  and  Vitallium,  and  Fe  in  oxide  layers  formed  on  Smith,  John  R.;  Tameeeh,  Adnan  H.  H.;  Waddington,  David  J. 

Fe  and  a  Fe-Si  alloy  were  detd.  by  ESCA.  The  oxide  layers  were  (Dep  Chem.,  Univ.  York,  York,  Engl.).  J.  Chromatogr.  1978, 

formed  by  heating  in  air  and  exposure  to  HiO  and  HNOa  solns.  148(2),  365-71  (Eng).  Two  com.  available  porous  arom.  polymer 

Cr-rich  oxide  layers  were  obtained  after  heating  in  air  at  >400*  beads  used  for  gas  chromatog.,  Porapak  Q  and  Chromoaorb  102, 

and  after  exposure  to  HiO  and  HNOj.  Fe(II)  oxide  was  obtained  were  bromine  tea.  The  resulting  polymers  are  significantly  more 

in  larger  amts,  on  stainless  steel  than  on  the  Fe  and  Fe-Si  alloy  stable  to  hut  and,  when  treated  with  Br  in  CCL  (with  or 

samples.  For  samples  contg.  Mo  and  exposed  to  HiO  and  HNOs,  without  thallium(III)  acetate),  the  materials  become  much  more 

the  Cr  oxide/MotVI)  oxide  ratio  was  — 10:1;  Mo(IV)  was  also  suitable  for  the  sepn.  of  polar  adaorbatee  such  as  ales,  and 

present.  carboxylic  acids.  The  retention  times  of  the  adsorbates  depend 

on  the  method  of  bromination  used. 

88:  18l9l5n  Spark  suss  spectro metric  method  for  analysis 


Figure  34.  Sample  Page  from  CA  Selects  "Surface  Chemistry" 
( Phys iochemi cal  Aspects) 
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SECTION  6 

SURFACE  PHENOMENA  AND 
SOLID  STATE  STUDIES 

548  Sputtering  of  Fe(iii)  crystal  under  Ar(+)  and  Kr(+)  ion  bombardment 

Bhattacharya  R.S.,  Basu  D.,  Karmohapatro  S.B. 

Indian  J.  Phys.  V.48  N.10  P.941-3  1975 

Ion  impact,  Single  crystal,  Sputtering,  Surface,  Ar,  Kr 

549  Ion  penetration 
Brown  F. 

PR-CMa-32  AECL-5122  Atomic  Energy  of  Canada  Ltd.,  Chalk  River  Nuclear 
Labs,  Ontario,  Canada  Sect. 1-2  P.8-21  1975 

Channelling,  Cross  section,  Ion  impact.  Ion  implantation.  Ionization,  Range, 
Scattering,  Single  crystal.  Surface,  A1 ,  Si,  Cu,  Ge,  Kr,  Pt,  Silicon 

550  Study  of  the  Systems  silicon-alumina  and  silicon-silica-alumina 
by  mass  spectrometry  of  secondary  ions  (Russian) 

Didenko  P.I.,  Litochenko  V.G.,  Marchenko  R.I.,  Romanova  G.F. 

Poluprovodn.  Tekh.  Mikroelektron .  N.18  P.90-2  1974 

Scattering,  Scattering-ions,  Secondary  emission.  Secondary  ion  emission. 
Sputtering,  Surface,  Temperature  effects,  A1 ,  Si,  A102(+),  A10(+), 
Semiconductors,  SiO(+),  Silicon-alumina  system 

551  Photoemission  of  positive  ions  in  the  reaction  of  nitrogen  with 
hydrogen  on  platinum 

Zav'yalov  S.A.,  Gutman  E.E.,  Myasnikov  I. A. 

Russian  0.  Phys.  Chem.  V.49  N.I.  P.137-9  1975  Trans,  from  Zh.  Fiz.  Khlm. 

V.49  N.I.  P.237-8  1975 

Adsorption,  Chemical  reactions.  Free  radicals.  Ions,  Photon  impact. 

Secondary  emission.  Secondary  ion  emission.  Surface,  Temperature  effects, 

H,  Hydrazine,  Platinum 

552  Diatomic  versus  atomic  secondary  ion  emission 
Wittmaack  K.,  Staudenmaier  G. 

Appl .  Phys.  Lett.  V.27  N.6  P.318-20  1975 

Ion  impact.  Microprobe,  Molecular  ions,  Quadrupole,  Secondary  emission. 
Secondary  ion  emission.  Sputtering  Surface,  Yield,  A1  Si,  Ar,  Ti ,  V,  Cr, 

Ne,  Mo,  Ta,  W,  Au,  Niobium,  Silicon  Tantalum 

553  Redeposition  of  sputtered  species  during  ion  etching  of  Cu,  Ag, 
and  Au 

Miller  A.C.,  Czanderna  A. VI. 

J.  Vacuum  Sci .  Technol.  V.12  N.5  P.1086-7  1973 

Ion  impact,  Scattering,  Scattering-ions,  Sputtering,  Surface  Ne,  Cu,  Ag, 

Au,  Copper  foil.  Gold  foil,  ISS,  Silver  foil 


Figure  35.  Sample  of  a  Column  from  Section  6  of  the  Mass  Spectrometry 
Bulletin  (United  Kingdom) 
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554  Bombardment  of  field-emission  cathodes  by  positive  ions  formed 
in  the  interelectrode  region 

Brodie  I. 

Int.  J.  Electron,  V.38  N.4  P.541-50  1975 

Electrons,  Field  ionization.  Ion  impact.  Ionization,  Source,  Sputtering.  H 

555  Secondary-electron  emission  in  the  backward  and  forward  directions 
from  thin  carbon  foils  traversed  by  25-250  KeV  proton  beams 

Meckbach  W.,  Braunstein  G.,  Arista  N. 

Phys.  B  (Atom.  Mol.  Phys.)  V. 8  N.14  P.1344-9  1975 

Electrons,  Energy  distribution.  Ion  impact.  Retarding  potential  measurements 
Secondary  emission.  Secondary  electron  emission,  Surface,  Carbon  foil 

556  Experiments  on  compound  analysis  by  secondary  ion  mass  spectr¬ 
ometry  (German) 

Dittmann  J. 

Mikrochim,  Acta,  Suppl .6  P.359-71  1975 

Chemical  binding  energy,  Excitation,  Fragmentation  mechanism.  Ion  impact. 
Ions,  Kinetics  of  ion  formation.  Low  resolving  power  data.  Molecular  ions. 
Negative  ions.  Secondary  emission.  Secondary  ion  emission,  SIMS,  Steel,  H02 

557  Average  energy  of  sputtered  ions  from  fifteen  polycrystalline  targets 
Jurela  Z. 

Int.  J.  Mass  Spectrom.  Ion  Phys.  V.18  N.2  P.101-10  1975 

Energy  distribution.  Ions,  Kinetic  energy,  Negative  ions.  Sputtering, 

Theoretical,  Yield,  C,  Mg,  A1 ,  Si,  Mn,  Co,  Ni ,  Cu,  Ge,  Me,  Ag,  Ta,  W,  Pt,  Au 

558  A  quantitative  model  for  the  interpretation  of  secondary  ion  mass 
spectra  of  dilute  alloys 

Gries  W.H.,  Rudenauer  F.G. 

Int.  J.  Mass  Spectrom.  Ion  Phys.  V.18  N.2  P.111-27  1975 

Chemical  binding  energy.  Energy  distribution,  Ion  impact.  Ions,  Secondary 

emission.  Secondary  ion  emission.  Sputtering,  Surface  Theoretical,  Yield, 

Mg,  A1 ,  Si,  Ar,  Ti,  Cu,  Alloys,  Aluminum,  Copper,  SIMS 

559  Secondary  ion  mass  spectrometry 
Evans  C.A. 

9th  Great  Lakes  Regional  ACS  Mtg.,  College  of  St.  Thomas,  St.  Paul,  Minn., 
USA  4-6  June  1975  Abstr.  N.62 

Conference,  Ion  Impact,  Microprobe,  Secondary  emission,  Secondary  ion 
emission,  Sputtering,  Surface,  SIMS,  St.  Paul 

560  Surface  analysis  by  ion  scattering  and  secondary  ion  mass  spectroscopy 
Gen  R.F. 

9th  Great  Lakes  Regional  ACS  Mtg.  College  of  St.  Thomas,  Ts.  Paul,  Minn., 

USA  4-6  June  1975  Abstr.  N.63 

Conference,  Detection  limit.  Ion  energy  loss  spectra,  low  Impact,  Ions, 
Negative  Ions,  Scattering,  Scattering-Ions,  Secondary  emission.  Secondary 
ion  emission,  Sensitivity,  Sputtering,  Surface,  ISS  SIMS,  St.  Paul 


Figure  35.  Concluded. 
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RELATIVE  ABUNDANCES 
OF  NATURALLY  OCCURRING  ISOTOPES 


IBlEIElElElEIKlEiEllZJElEIElddElElEldd 


10  (Nal 

11  Na 

12 

13  Al 

14  Si 

15 

16 

17  Cl 

18  Ar 

19  K 

20  Ca 


19 

20  Ca 

21  Sc 

22  Ti 

23 

24 

25 

26 

27  I  Co 


28  (Ni) 

29  Cu 

30  Zn 

31  Ga 

32  Ga 

33  At 

34  Sa 

35  Br 


HI 


0.02 

75.5  24.5 

0.34  0.06 


ElEaEEldiaEiaEElEadddddddddEldd 


1.2 

48.9 

309 

27. 8 

liaiaKiiiEiiaEiEiEiEaEaEiHEiEwadEiiaHEI 


6  23  5  49.8 

1  1 50.6 

2.3 


34  (S«> - 9.2 

35  (Br)  494 

36  (Kt)  -  11.5  11.5  56.9  17.4 

37  Rb - 72.2  27  8 

38  Sr - 06  99  7.0  82.5 

39  Y - 100 

40  Zr - - 51.5  11.2  17.1  17,4  2.8 

41  Nb - 100 

42  Mo  - - - - - - -  15.9  9.1  15.7  16.5  9.5  23.7  9.6 

43  Tc  DOES  NOT  OCCUR  NATURALLY 

44  Ry  - }  | - h"  I  I  ] - -  ■  |  - - - - - f-5.6  1.9  12.7  12.6 


84  (Po),  85.  (At),  86  IRn),  87  IFr),  88  <R>).  89  (Ac),  DO  NOT  OCCUR  NATURALLY 


93  <Np),94  (Pu),  95  (Am),  96  (Cm).  97  (Bk).  98  (CO,  99  (El),  100  (Fm).  101  (Md).  102  (No),  103  (Lw), 
DO  NOT  OCCUR  NATURALLY 
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APPENDIX  B 

SOURCES  OF  INFORMATION  ON  SIMS  AND 
OTHER  SURFACE  CHARACTERIZATION  METHODS 
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I.  ABSTRACTING  AND  CURRENT  AWARENESS  PUBLICATIONS 

A.  AMERICAN  CHEMICAL  SOCIETY 
1155  Sixteenth  St.  N.W. 

Washington  D.C.  20036 

a.)  ACS  PUBLICATIONS 


i . )  ACS  Single  Article  Service 

Biweekly.  It  consists  of  the  table  of  contents  of  18  ACS 
journals: 

ii . )  Chemical  Titles  (CT) 

Biweekly.  CT  is  a  current-awareness  publication  which 
reports  the  titles  of  recently  published  papers  of  chemi¬ 
cal  interest.  CT  is  designed  to  alert  chemists  and  chemi¬ 
cal  engineers  to  current  information  appearing  in  approx¬ 
imately  700  of  the  world’s  most  important  chemical 
journals.  Each  issue  contains  a  keyword  index. 

iii.)  CA  Selects 

Biweekly.  A  CA  Selects  is  published  for  36  different 
subject  areas,  document  coverage  is  the  same  as  for 
Chemical  Abstracts.  Each  issue  contains  abstracts  on 
that  subject. 

b.)  CHEMICAL  ABSTRACTS  SERVICE  DIVISION 


P.0.  Box  3012 
Columbus,  Ohio  43210 

i . )  Chemical  Abstracts  (CA) 

Weekly.  CA  contains  bibliographic  citations  for  and 
abstracts  of  documents  whose  contents  is  related  to 
chemistry  and  chemical  engineering.  Weekly  issues  con 
tain  indexes.  Abstracts  are  grouped  into  80  sections. 
Some  14,000  different  scientific  journals  from  more 
than  150  countries  and  in  more  than  50  languages  are 
monitored  regularly  as  are  patents  from  26  countries, 
conference  proceedings  and  dissertations. 
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B.  INSTITUTE  FOR  SCIENTIFIC  INFORMATION  (ISI) 

325  Chestnut  Street 
Philadelphia,  Pennsylvania  19106 

i . )  Current  Contents 

Weekly.  It  consists  of  reproduction  of  the  table  of 
contents  of  the  most  important  journals  in  science. 

Six  different  topics  are  published  including: 

Physical  and  Chemical  Sciences 
Engineering,  Technology  and  Applied  Sciences 

ii.)  ASCA  (Automatic  Subject  Citation  Alert) 

Individualised  current  awareness  program.  The  researcher 
is  the  only  subscriber  to  the  profile  (based  on  key  words, 
authors  etc.).  It  covers  the  most  recent  issues  of 
5,200  journals.  Does  not  include  abstracts. 


iii . )  ASCA  Topics 

Weekly.  Current  awareness  program  covering  over  460 
predetermined  areas.  Format  is  the  same  as  ASCA. 

U.S.  GOVERNMENT 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 

i . )  Government  Reports  Announcements 

Biweekly.  It  contains  abstracts  of  government  research  reports. 

ii . )  ERDA  data  bases 

Many  of  the  data  bases  used  at  the  Lawrence  Livermore 
Laboratory  for  determining  physical  and  spectral  properties 
are  available  through  NTIS  (National  Technical  Information 
Service).  These  include: 

Spectroscopic  Constants  for  Selected  Heteronuclear 
Diatomic  Molecules 

Atomic  Energy  Levels  and  Transition  data  for  the  First 
and  Second  Ionisation  States  of  the  Elements  Hydrogen 
through  Phosphorous 
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MISCELLANEOUS 

i.)  CIS.  (Chemical  Information  System) 

This  system  which  consists  of  eight  components  was  developed 
by  NIH,  EPA  and  NBS.  It  is  now  available  to  the  public 
through  Fein-Marquat  Associates  (7215  York  Road,  Baltimore, 
Maryland  21212).  The  components  are  as  follows: 

The  Mass  Spectra  Search  System  (MSSS) 

The  X  ray  Crystallographic  Search  System  (CRYST) 

The  Carbon-13  NMR  Search  System  (CNMR) 

The  Structure  and  Nomenclature  Search  System 
(SANSS  -  formerly  SSS) 

The  Powder  Diffraction  Analysis  System  (PDAS 
—  to  be  available  later  this  year) 

The  Registry  of  Toxic  Effects  of  Chemical  Substances  (RTECS) 
The  On-line  Modeling  Laboratory  (MLAB) 

The  Conformational  Analysis  of  Molecules  in  Solution  by 
Empirical  and  Quantum-mechanical  Techniques 
System  (CAMSEQ) 


Selected  Research  in  Microfiche 


Biweekly.  For  each  subject  area  chosen  (there  are  about 
500  available)  full  texts  of  research  reports  on  microfiche 
which  pertain  to  that  subject  area  are  sent  to  the  subscriber. 
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EARLY  LITERATURE  1963  -  1972 
(FROM  BALZERS  LITERATURE  SERVICE 
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63  - 1  Untersuchung  iiber  die  Emission  pos'tiver 
St'kundarionen  und  die  Reflexion  von 
tdi  lpasionen  an  Festkorperoberflachen. 

V.  Walther,  H.  Hintenberger 
(Met.  Maim.  D). 

Z.  N.turfooctig.  (PI.  18«.  643  -  863  (1963) 

Elaktrontnstotaqualla,  P«r«to*l*paktr.,  C,  Al,  Ft,  Cm.  Ag. 

T.  W.  Ft.  Au.  2  Mg-Dtfl.-P.,  3  OWiff.-P.,  Autbautt  tier 

SI  als  Fkt.  von  P1*Enargia.  Pl-Maua,  Staehuauait  und 
Tamparatur,  Enargiavarl.  dtr  $1  und  rafttkt.  PI. 

64  -  3  Secondary  Positive  Ion  Emission  from  a  ' 
Tantalum  Surface 

J.  A.  McHugh.  J.  C  Sheffield 

(Ganaral  Elactric  Com|<wy,  Schanactady,  N.V..  USA). 

J.  Appl.  Phys.,  3J.  612  516  (1964). 

Ta,  180  magn.  Ablkg.,  Sl-Audxuta  alt  Fkt  von  Pi-Mat 
sa  und  Pl-Enargia.  RtHak  iomkoaff.  dar  PI. 

« 

1 

63-2  Sputtering  Ion  Source  for  Solids. 

H.  J.  Liebl,  R.  F.  K.  Herzog 

iGaophyv  Corp.  America,  Bedford,  USA). 

J.  Appl.  Phy«.,jR  2893  2896  (19631. 

DuoplasmatronquaUe.  Oldiff.-P.  mil  N2  Kuh1f»ll«. 
OopptMok.  nach  Liabl-Wachsmuth-Evvaid,  Parmanant- 
magn.,  Ault.  2000,  Mtttllt,  Isolatortn. 

64  4  Positive  Sekundanonenausbeute  von  21 

Elementen.  j 

H.  E.  Beske 

(Umv  .  Maine,  Ol.  1 

i 

1 

Z.  Nati'rforschfl.,  Dl.  19a.  1627  •  U  '8(1964)  ! 

SI  Authsuta.  lomt»arungttnargia.  C.  Mg.  Al.  Si,  Ti,  V.  1 
Cr.  Mn.  Fa,  Co.  Ni.  Cu.  Zc.  Nb.  Mo.  Ag  1 ».  ft.  Pi.  Au  j 

u  ! 

64  -  1  Use  of  Secondary  Ionic  Emission  to  In¬ 
vestigate  State  of  Oxygen  Adsorbed  on  a 
Silver  Surface 

Ya.  M.  Fogel',  B.  T.  Nadykto,  V.  1.  Shvach- 
ko.  V.  F.  Rybalko 

HJn.v.,  Khtr'kov,  Ukrtint,  SU). 

Russ.  J.  Phys.  Cham.,  38,  1294  -  1297  (1964). 

Ag,  Sauamoff  adsorption,  Sl-lntantiiit  als  Funktion 
von  Ttmparatur  und  02-Partialdruck,  magn.  Ablkg. 

64  -  5  Use  of  Secondary  Ion  Emissio-  to  Study 
the  Catalytic  Oxidation  of  Ammonia  on 
Platinum. 

Ya.M  Fogef.  B.T.  Nadykto.  V.F.  Ry 
balko,  V.l.  Shvachko,  I.E.  Korobchans- 
kaya 

(Univ..  Khtr'kov.  Ukraina,  SU). 

Kin.  i  Kat.  (SU),  5*496  (1964),  Russisch;  Kin. 
and  Cat.  (USA),  5.  431  ( 1964). 

Kwiiilyv.  OiklMkHt  v»*n  N  H.1.  II?  **.  nh  V  .sfalyannltfMtt 

MM'S.  Pi 

64  2  Massenspektromctrische  Untersuchungon 

64  6  Comment  on  "Sputtering  Ion  Source  for 

fiber  die  Energieverteilung  zerstaubter  Par- 

Solids". 

tikel. 

H.  P.  Smith  jr. 

F  Kirchner,  A.  Benninghoven 

(Univ..  Strict  lav.  Calif.,  USA) 

lUr.rv..  K4Mn,  0) 

» 

J.  Appl.  Phys.,  35.  3067  -  3067  (1964).  1 

Pt-yv  Lett..  8.  193-  194  (1964). 

1 

kain  quaniitttivtt  SIMS  toti  63-2.  1 

Entnmvtri.,  Gaganfctd,  80  magn.  AMkg..  Pannimnual- 

i 

la  vi«vrh.  Al-K.iihmkm. 

1 
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65-1 


65-2 


65  3 


65-4 


Ufaer  die  Energieverteilung  der  bei  &.t 
Kathodenzerstaubung  ausgeschleuderten 
Teilchen. 

A.  Benninghoven 

(Univ.,  KoJn,  D). 


Ann.  Phys.  (D),  15,  1 13  -  143  (1965) 

Entrgi«v*ft.  dir  Nejtraltn  und  lonan.  Gtgtnftld,  var- 
aehiadina  Kathoden,  Impultubartragunytmodall. 


Application  of  the  method  of  Secondary 
Ion-Ion  Emission  to  the  study  of  the 
interaction  of  Oxygen  with  a  Niobium 
Surface. 

V.l.  Shvachko,  B.T.  Nadykto,  Ya.M. 
Fogel',  B.M.  Vasyutinskii,  G.N.  K art- 
mazov 

(Univ.,  Khar'kov,  Ukraina,  SU). 

Fiz  Tv«fd.  Tela  (SU), 1.  1944  -  1951  (1965), 
Russisch;  Sov.  Phys.-Sol.  St.  (USA).  7. 1572 
1577(1966). 


.^b,  Ausbauta  varach.  OxkMonen,  Tarnparaturvarhai- 
tan.  Otdiffp.,  mapn.  Abikg. 


Surface  Ionization  of  Sputtered  Atoms. 
J.  M.  Schroer 

ICornall  Univ.,  USA) 


Boll.  Am.  Phys.  Soc.  (USA).  10.  41  (1965). 

Mo.  UHV,  2  Mode  Me  der  lontetrung  b*i  der  Zaretaubung. 
Vatgi.  mit  Exp.,  E  inf  Km  von  Batch  usee  nargia.  Target 
Tamparatur  und  Auetrittaarbeit. 


Analyse  des  alliages  par  Emission  ionique 
secondaire. 

R.  Castaing,  J.  F.  Hennequin 

QuatriZme  Congrfs  International  sur  1‘Optique 
des  Rayons  X  at  la  Microanalyta.  Orsay  11965) 
Hermann,  Paris  (1966),  p.  64. 


66  1  Sur  remission  ionique  secondaire  des 
m£taux  en  presence  d'oxygerte 

G.  Slodzian,  J.-F.  Hennequin 

ICNRS.  Orsay,  F). 


C.  R.  Acad.  Sci.  (FI.  263  B,  1246  .  249(1966). 

magn.  Doppalprisma  mit  al.  Spiagal.  02-PartiiMr.  alt 
Parametar  fur  Winkal-  und  Energiavtrt.  und  Austoautt. 
Mlg,  Al,  SI.  Ti.  Ni.  Cu. 


66  -  2  Distributions  energetique  et  angulaire  de 
remission  ionique  secondaire.  I.  Appareil 
experimental.  (Part  ll/lll:  68  -  3,4) 

J.-F.  Hennequin 

(CNRS.  Onay,  F) 


Rev.  Phys.  Appl.  <F|,  J.  273  281  (1966). 

Abikg.  mit  Pkrmananimagr...  bawaglich.  Andys..  G* 

Knt.ld  tur  Enargiavart..  HF-Oualk.  at.  AMk(.  dtr  FI, 
ditto,  fur  Quatla,  Pl-Einlak  und  Kammar.  PPSltahf 
Frotil. 


66  -  3  Investigation  of  the  Synthesis  of  Ammon, 
on  Iron  by  the  method  of  Secondary  lon- 
lon  Emission.  ! 

V.l.  Shvachko.  Ya.M.  Fogel'.  V.Ya.  Kolo* 

(Univ  Khar'kov,Ukraini.  SU). 


Kin.  i  Kat.  (SU).  7.  834  840  ( 1966).  Russisch; 
Kin.  and  Cat.  (USA).  7.  734  -  738  ( 1966). 


Ft.  N-HS-Synthta*.  O-PhaaonmodtH),  Wdxvruck  tu 
69  20. 


67  I  Untcisuchungen  zur  Emission  positiver  Se  . 
kundarionen  aus  festen  Targets.  Dia  Braoch 
barked  der  lonenbeschuss-  lonenquella  in 
der  Massenspektroskopie.  | 

H.  E.  Beske 

(Univ  Moira,  O),  j 


Lagiarungan. 


Z.  Naturforsch.  (D).  22a,  459  *  467  1 1967). 

t*>«.  Fpvtlt  ft*.  jMitftttvl  A«*AhntiW  n 
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67-2 

Untersuchungcn  zum  Spekirum  und  den 
Anlangsenergien  negativer  Sekundarionen. 

68-  1 

Use  of  Secondary  Ionic  Emission  to  Study 
Bulk  Processes  in  Solids. 

A.  Benninyhoven 

(Univ.  Koln,  D). 

V.F,  Kozlov,  V.M.  Pistryak,  Ya.M.  Fo- 
gel', 

(Acad.  Sci.,  Khar  kov,  SUI. 

Z.  Phys.  (D).  141  •  156  (1967). 

Energicvert.,  Gegenleld. 

Fu  Tvorrl.  Tela  ISU).  10,  3713  3715  11968). 
Russisch.  Sov.  Phys. -Sol.  St.  (USA).  10.  2952  - 
2953(19691. 

Volume  nproiesse. 

1 

67  4 

Secondary  Ion  Emission 

Ya.M,  Fogel', 

{Acad.  So.,  Khar’kow,  Ukraine.  SUI. 

68  2 

Em  M.isscnspektiomeici  zur  Unlersu 

Chung  (funner  Schicbten. 

H.  W.  Werner,  H.  A.  M.  de  Grefte 

(  Philips,  Eindhoven,  NL). 

Usp  Fu.  Nauk  (SUI,  91  75  ■  112  (19671,  Rus- 
sisch:  Sow.  Phys.  Uspckhi  (USA),  10,  17  -  39 
(1967). 

Vak,  Technik,  _1_£37  -  41  (1968). 

pnv  SI,  ijiiantilative  Fettk.  Analyse,  Si-AuiliCutC. 
pixel  I 

Review. 

67  5 

Excitation  and  Ionization  of  Atoms  a:  a 
Surface. 

J  M.  Schroer 

<Univ.  of  Wyoming,  USA). 

68-3 

Distributions  energetique  et  angulaire  de 
remission  ionique  secondaire.  II.  Nature 
et  distribution  energetique  des  ions  sccon- 
dairc.  (Part.  1:  66-2,  Part  III:  68  4). 

J.-F.  Hennequin 

ICNRS,  Otwv.  F) 

Bull.  Am.  Phys.  Soc.  (USA),  137  ( 1967). 

2  N.  herungen  fur  tomsicrung  und  Anregung  bei  Zer- 
steubung.  Vergl.  mil  Exp. 

J  Phys.  (F|.  79^655  -663  ( 19681. 

Kl.iv.ili/n'iung  iter  grmnss.  lonen,  Enciiiimi.,  Emissions 
wint-nt.  AusWiiivtncrgie  fler  Neulroten,  Mg,  At,  Si,  T»,  Fe, 
Ni,  Cu. 

67-6 

Vcrwcndung  dor  lonenoplik  zur  Mikro- 
analyse. 

R.  Goutte,  C.  Guillaud,  R.  Javelas, 

J.P.  Meriaux 

(Sci.  Appl.,  Lyon,  F) 

68  -  4 

Distributions  energetique  el  angulaire  de 
remission  ionique  secondaire.  III.  Distri¬ 
bution  angulaire  et  rendements  ioniques. 
(Part.  1:  66-2.  Part  II:  68-3). 

J.-F,  Hennequin 

ICNHS.  Oi»av.  F|. 

Optik  (D).  26^574  •  581  (1967/68). 

Review,  3prinjip*ell  verich.  Apparaturen. 

J.  Phys.  (F).  2^957  -  968  (1968). 

WinVrlvnl.  *Ipi  SI  ;»ls  Funkt.  vnn  Orrrniipmng.  f  in 
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68  ■  5  Moss  Analysis  of  Ions  Produced  by  Hy 
pervelocity  Impact. 


D.O.  Hanson 

ITRW.  Redondo  Beach,  Celit  USAi. 


Appl.  Phys.  Lett.  (USAl.^Sg-  91  (1968). 

Beschuss  mit  mikrosk.  Eisenpart.  bis  600  eV,  Flugzeitsp. 


68  ■  6  Oxidation  of  Tungsten  at  room  tempera¬ 
ture. 


V.  F.  Rybalko,  V.  Ya.  Kolot,  Ya.  M.  Fogel' 

(Acad.  Sci.,  Khar’kov,  Ukraine,  SU) 


F.z.  Tverd.  Tela  (SU).  10^.3176  3(78  (1968), 
Russisch;  Sov.  Phys.  Sol.  St.  (USA),  10,  2518  • 
2519(1969). 


W.  Oxidation. 


68 


7  Massenspektrometrische  Untersuchung 
der  Sekundarionen-Emission  von  Legie- 
rungen. 


J.  Schelten 

(Univ.  Mainz,  D). 


Z.  Naturforschg.  (D).  23a.  109  113(1968). 


Penningquelle,  Doppeltok.  nach  Matfauch- Herzog,  Auf- 
losg.  300.  5  Oldiff.-P.  Kuhltallen  mit  II.  Lull,  Al-  und 
Fe-Legierungen  mit  max.  10%  Verunreimgq.,  ShAus 
beute  und  Konzentratton.  Vergl.  mit  Langmuir-Saha-GI. 


68  -  8  Ion  Impact  Desorption  of  Hydrogen 
from  Glass. 


R.  Konjevic 

(University  of  Liverpool,  GB), 

W.  A.  Grant,  G.  Carter 

(Dept,  of  Electrical  Engineering,  Univ.  ol  Salford, 
Lancs.  GBI. 


Vacuum  (GB).  18.  559  •  559  ( 1968). 


Girts.  rVvwpimn  von  H  tmd  M?,  therm.  Oi*v»iptmn. 
fi" 


P.  Joyes,  J.F.  Hennequin 

(CNRS.  Otsay,  F). 


J.  Phys.  IF),  29^483  •  487  (19681. 

Verbmdung  zwischen  Sekundarionen  und  *elektronen. 


68  -10  Microanalyseur  par  emission  ionique  se 
condairc. 


J.  M.  Rouberol,  J.  Guernet,  J.  P.  Dagnot, 

J.  M.  Guyon  de  la  Berge.G.  Mollenstedt, 

K.  H.  Gaukler: 


5th  Ini.  Conijr.  on  X-R,y  Opi.-Micrr  .-n.,  311 
318  (1968).  Springcrverlaq  Berlin-Heidelberg 
New  York  (D).  1969. 


magn.  Ablkg.  lonenmikrpskop. 


Z.  Jurela,  B.  Perovic 

Can.  J.  Phys.  ICDN),  46,  773  11968). 

Metalle.  pos.  Si.  Energievert. 


69  •  1  Progress  in  Analytic  Methods  for  the  Ion 
Microprobe  Mass  Analyser.  Part  I. 

(Part  II:  70-5). 


C.A.  Andersen 

I  Appl.  Rrs  Laba.Goleta,  Calif.,  USA). 


J.  Mass  Sp.  Ion  Ph.  (ML).  2^1  -  74  (1969). 
Review 


68  -  9  Temps  dc  dcscxcitation  Auger  d'un  trou 
cree  par  bombardement  ionique  sur  un 
niveau  electronique  lie  d'un  atonie  du  , 

metal  irradid.  I 


68-11  Mass  and  Energy  Analysis  of  Positive  Ions 
Emitted  from  Metallic  Targets  bombar¬ 
ded  by  heavy  Ions  in  the  keV  Energy  Re¬ 
gion. 
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69  •  2  Eine  massenspoktrometrischc  Method'; 

7iii  Bustimmung  von  Zcrstaulxmgsraic 
und  Sekundarioncnausbcutu  brliobiynr 
Subslanzen  mil  Hilfe  dunner  Schichten. 

A.  Benninghoven 

(Umv  Koln,  D). 

Z.  Angew.  Phys.  ID),  27^51  -  55  (1969). 

Zerstau bu ngsr  ate ,  Sl-Ausbeute.  Au,  Ag,  In,  Zn. 

69  6  Method  of  Studying  tlv»  Mechanism  of 
Catalytic  Processes  using  Secondary  Ion 

Inn  Emission. 

V.L.  Kuchaev,  A. A.  Vasilevich, 

L.O.  Apel'baum,  M.N.  Temkin,  Ya.M.  Fo- 
gel', 

(Karpov  Institute,  Moskau,  SU). 

Kin.  y  Kat.  (SU).  10.  678  -  681  1 1969).  Runisch 
Kinetics  and  Catat..  10.  561  -  564  (1969). 

Unterscheidung  der  SI  aus  Gasphasr  und  Obcrfl., 
Ca-Verunrein.  in  Pt-Oberfl. 

69  -  3  Zum  Mechanismus  der  lonenbildung  und 

69  -  7  Effect  of  Ion  Bombardment  on  a  Gas 

lonenemission  bei  der  Festkorperzerstau- 

Film  Adsorbed  on  the  Surface  o(  a  Metal. 

bung. 

V.F.  Rybalko,  Ya.M.  Fogel',  V.  Ya.  Ko 

A.  Benninghoven 

lot 

(Umv.  Koln,  D). 

(Univ.  Khar'kov.  SUI.  j 

Zh.  Fiz.  Khim.  (SU).  *3.  955,  Russisch;  Russian  1 

Z.  Phys.  (PI.  220.  159  180  (1969). 

J.  Phys.  Chem..  43.  527  529  (19691. 

loniiicrung.  Emission,  Ruckneutralisierung. 

Bedeckung.  Adsorptionsgleichgew..  SI'Stromdichte,  At y 

hangigkeit  von  Druck  und  Primarstrom. 

69  •  4  Die  Emission  negativer  Sekundarionen 

> 

69  -8  On  Sputtering  Probability  of  Secondary 

von  Verbindungen  mit  komplexen  Anio- 

Tungstenoxide  Ions  with  Ar+  Ions. 

nen. 

V.  F.  Rybalko,  V.  Ya.  Kolot.  Ya.  M.  Fo- 

A.  Benninghoven 

gel' 

(Umv  Koln,  0). 

I 

Ukrayin  Fiz.  Zh.  (SU).  14,  913  119691.  Rus-  1 

sisch. 

Z.  Naturforsch.  (D),  24a,  859  -  861  11969). 

W,  Oxidation. 

neg.  SI  a us  komplexen  Anionen. 

69  •  5  Investigation  of  Solids  by  means  of  An 

69  -  9  investigation  of  the  Oxidation  of  Tungsten 

Ion-Bombardment  Mass  Spectrometer. 

by  the  Method  of  Secondary  Ion-Ion 

Emission. 

H.W.  Werner 

(Philips,  Eindhoven,  Nl). 

V.  F.  Rybalko,  V.  Ya.  Kolot.  Ya.  M.  Fo- 

gel' 

Developments  in  applied  spectroscopy,  Chicago. 

Izv.  Ak.  Nauk  SSSR  Ser.  Fiz.  (SU).  33.  836 

III.  (USA),  13  -17.  Mai  1968;  London  (GB), 

(1969),  Russisch. 

Plenum  1969,  239  •  266. 

W,  Oxidation, 

Oxidation  omt  lonenmj>N?ute,  Dilfiwunsiirntilr,  Dill. 

, 

von  In  in  Ch', 

69 


•w 

A 


mm 


AFML-TR-79-4123 


A-3-7 


69  10  Elfcct  of  Oxygen  Pressure  on  the  Oxitl.i 

69  14  Analysis  of  Submonolayers  on  Silvei  by 

tion  Process  ol  Tungsten. 

Negative  Secondary  Ion  Emission. 

V.  F.  Rybalko,  V.  Ya.  Kolot,  Ya.  M.  Fo 

A.  Benninghoven 

gel' 

(Uimv..  Kelli.  D) 

(Acad.  Set..  Khar’kov.  Ukr..  SU) 

Phys  Slat.  Sol.  ID).  34.  K  169-  171  (1969). 

Fiz.  Tverd.  Tela  (SU).  It,  1404  -  1406  (1969). 
Russisch,  Sov.  Phys.  Sol.  St.  (USA),  11,  1 142  - 

Monolage,  statisch,  magn.  Abtkg.,  10  ppm. 

1143  (1969). 

W.  Oxidation,  02-Partialdruck. 

69-11  Investigation  of  Oxygen  Adsorption  on 

69  15  Expulsion  d'un  electron  lie  due  au  choc 

Tungsten  by  Secondary  Ion-Ion  Emission. 

do  deux  atomes  d’un  metal. 

V.  F.  Rybalko,  V.  Ya.  Kolot,  Ya.  M.  Fo 

P.  Joyes 

gel' 

ICNRS.  Orsay.  F). 

(Acad.  Set.,  Khar'kov,  Ukr.,  SU). 

J.  Phys.  IF),  30.  243-  251  (1969). 

Zh.  Tckh.  Fiz.  (SU).  39,  1717  ■  1719(1969), 

Russisch;  Sov.  Phys  Tech.  Phys.  (USA),  14 

kmctische  Emission  dcr  SI,  lonisterunq  in  (tot  Tiefe, 

1290  1291  (19701. 

Lebcnsdauer  dcr  vtriucllen  Ic.msierung. 

W  (100),  Oxidation,  02-Adsorption 

69  -12  Mass  and  Energy  Analysis  of  Negative  Ions 

69  T6  Etude  tfioorlque  de  remission  ionique 

Emitted  from  Al,  Mn,  Co,  Ta,  and  Au  Tar 

secondaire. 

gets  Bombarded  by  40  keV  Ar*  -  Ions. 

P.  Joyes 

Z.  Jurela 

(CNRS.  Orsay.  H. 

(Sous  Kidric  Inst.  Nucl.  Set.,  Belgrad,  YU). 

J.  Phys.  (F).  30.  365  376  (1969). 

Editura  Akademiei  Republicii  Socialistic  Roma* 

nia:  9th  international  conference  on  phenomena 

kmctische  Emission,  Em  und  Mehrfachionisierung, 

in  ionized  gases,  1969,  Bukarest,  Rumnnien, 

theoretische  Ausbeuten  und  Energiespektren  der  SI, 

1  6  Sap.  1969.  p.  89. 

Al.  Mg,  Cu. 

Al.  Mn,  Co,  Ta,  Au.  Energievert.,  neg.  SI,  Elektronen- 
affmitat  und  Bedeck ungsgr ad  als  Ausbeuteparamoter. 

69  -13  Secondary  Emission  of  Mo+  Ions  during 

69  17  The  Origin  of  Multi  Charged  Secondary 

Bombardment  of  Molybdenum  by  Alkali- 

Ions,  Produced  by  the  Ionic  Bombardment 

Metal  Ions. 

of  a  Metal 

A.  A.  Adylov,  V.  1.  Veksler,  A.  M,  Reznik 

J.  F.  Hennequin,  G.  Blaise,  G.  Slodzian 

(Univ.,  Taschkent,  SU). 

C.  R.  Acad  Sci.  IF),  2688,  1507  •  1510  1969), 

Fiz.  Tverd.  Tela  (SU).  11*  1 779  •  1787  (1969). 
Russisch;  Sov.  Phys.  Sol.  St.  (USA).  11,  1441  - 

Franzosisch. 

1447  (1970). 

Mehrfachionrsrerte  SI,  kinetisehe  Emission  )ttch*»r  Me- 
tails,  Laikjngstranfer  mit  PI  bei  schweren  MttaMen. 

Mo,  Mo+,  Matrixverunreinigg.,  Hp-Pumpen,  En«rgeivert. 
bei  vrrsch.  Pl-Energ..  Temperaiur,  Pl-Siromdichte  und 
Oturl  *i*  /Vmt*»til**n»rflnv»ter. 
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69  •  18  An  Ion  Microprobe  Analyser. 

H.  Nishimura,  J.  Okano 

(Univ.  Osaka.  J). 

Japan  J.Appi.  Phys.  (J),8,  1335  1345(1969). 

IMMA,  Doppelfok.,  Intensitat  hIs  Fkt.  ties  Oberfl.-Zu* 
standes,  Nachweisempf.  fur  Ti.  V,  Cr,  Mn,  Fe,  Co,  Ni  in 
Fe-Legierungen  und  (ur  B  in  Si,  Fe-Mcteont  Odessa. 

! 

70  -  1  Application  de  remission  ionique  second-  | 
aire  a  I'analyse  des  couches  super!  icielles.  i 

R.  Hernandez,  P.  Lanusse,  G  Slodzian. 

CR.  Helxt.  Sean.  Acad.  Sri.  Scr.  B.  (FI.  271B. 
1033-1036(1970). 

Zerstaubungsprozcsse,  Doppelfok. 

69-  19  Electron  and  Ion  Microprobe  Analysis. 

I 

70  2  Einlluss  der  Oberflachenzusaimncnsetzunq 

auf  die  durch  Aufsp.iltung  eincr  loncn 

F.  Heinrich 

bindung  verursachte  Sekundario.ienemis 

War.  Bur.  Stand..  Washington,  D.  C..  USA). 

sion  von  Festkorpern 

L.  Mar  ton:  10th  Symp.  Electron,  Ion  and  Laser 

A.  Benninghoven 

Beam  Tech.,  Gaithersburg,  Md.  (USA),  21  -  23 

(Univ  Koln). 

May  1969  (San  Francisco,  Calif.,  USA  San 

Francisco  Press  Inc.  1969),  p.  353  •  362. 

Phys.  Lett.  A  (NLI,  32a.  427  428  11970)  ] 

Eiektronen-  und  lonenmikrosomie.  Review 

Si  dutch  Srossd>s$o/<at(Ou,  Hncknrutralts.  j 

69  20  The  Use  of  an  Ion  Probe  Technique  fo> 

1 

i 

70  3  Die  Analyse  monomolekularer  Festkor-  I 

Investigating  Surface  Reactions:  The  Syn 

peroberliachenschichten  mit  Hilfeder  1 

thesis  of  Deutero-Ammonia  on  Pure  Iron 

Sekundarionenemission.  j 

J.  C.  Robb,  D.  R.  Terrell,  D.  W.  Thomas 

A  Benninghoven  ! 

(Umv  ,  Birmingham,  GB). 

lUmv.  Koln).  | 

D.  Price,  J.  E.  Williams:  Dynamic  MassSpectro 

Z  Phvv  ID).  230,  403  417  119701  1 

metry,_L  87  1  04  ( 1969),  Heyden  +  Son  Ltd., 

Sadtler  Res.  Lab.  Inc. 

siDtisch,  Monoiaqe.  Ag,  Mo.  , 

Fe,  N-D3-Synihe$e,  Widerspruch  *u  66-3,  Flug/cit- 

spektrnmetCf. 

69  21  Application  of  the  Ion  Microprobe  Mass 

70  4  Influence  o(  Composition  and  Structure 

Analyser. 

ol  Fe  C  Alloys  on  Discharge  of  Positive 

Ions  duiing  Atomization  by  Ionic  Bom 

C.  A.  Andersen,  H.  J.  Roden,  C.  F.  Robin- 

bardment. 

son 

(Haslet,  Goleta.  Calif.,  USA). 

M.  A.  Vasil'ev,  Yu.  N.  Ivashchenko, 

V.  T.  Cherepin. 

K.  Ogata,  T.  Hayakawa:  Rec.  Dev.  in  Mass  Sp., 

215  •  224  (1970),  Univ.  Park  Press,  Baltimore- 

Akad.  Nauk.  UKSSR  Metallofil.  (UdSSRI,  32. 

London-Tokyo;  Proc.  Int.  Conf  Mass.  Sp., 

143-  148  (19701.  Russisch. 

Kyoto  (J),  8  12  Sep.  1969. 

Fe-C-Lrqicrunq,  pot.  SI.  Intensitat  prop.  C-Gehalt, 

IMMA  von  Liehl.  Ouoplasmatron,  DopnHfok 

loirns  iif  -itih.  vnn  Mnlrixstruktur. 
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70  -  5  Analytic  Methods  (or  die  Ion  Micropiuhc 
Mass  Analyser.  Part  II.  (Part  I:  69-1) 

C.  A.  Andersen 

(Appl  He».  Late.,  Golata.  Calit..  USA) 

J.  Mass  Sp.  Ion  Ph  INLI,  3.  413  -  428  U970i 


ierjtaubw  Atom*,  SI  Emission,  Elektr.  Austausch 
Sl-Oberfl..  elektropos.  und  -neg.  Pi. 


70  6  Analysis  by  Bombardment  with  Chemi¬ 
cally  Reactive  Ions. 

C.  A.  Andersen,  H.  J.  Liebl 

(Appl.  Res.  Labs.,  Goleta,  Calif..  USA) 

Patent  USA  3508045,  12.  Juli  1968;  publ. 

21.  Apr  1970,  USA  753  822. 

elektroneg.  Pi,  chemtsche  Analyse. 


70  -  7  Die  Emission  zusammengesetztor  negate 
ver  Sekundarionen  aus  kontmuierlich 
regenerierten  Targetoberflachen. 

P.  Mokler 

(MPl  Kernph.,  Heidelberg,  D). 

Z.  Phys.  (0),  232,  452  •  461  1 1970) 


SI  Emission,  regener.  Oberfl..  Einflusse  aut  Sl  lntens., 
rnagn*.  Ablkg. 


70  -  8  Secondary  Ion  Emission  from  Solid  Sur 
faces. 

R.  Cistaing,  J.-F.  Hennequin 

ICNHS,  Orsay.  F). 

Preprint,  Int.  Conf.  on  Mass  Spec.,  Brussel; 
Sec.  Ion  Em.  and  Surf.  Phen.  (4.  Sept.  1970). 


Massenspektrometer,  lonenmtkrosonde,  Winkelven. 
Energievert.  durch  Gegenfeid,  quanutative  kin^tische 
SI -Emission. 


70  9  Formation  of  Islands  of  a  Diflus.nn  tinder 
Surface  Diffusion  Conditions.  ] 

A.  D.  Abramenkov,  V.  V.  Slezov.  L.  V.  Ta  I 
nalarov,  Ya.  M.  Fogtl'. 

(Acad,  of  Sci.,  Khar'kow,  Ukr.iine,  UrtSSR) 

fiz.  Tveio.  Tela  lUdSSR),  1^2934  •  2941  (1970) 
Russisch;  Sov.  Phys.  Sol.  State,  12.  2369  *  2373 
(1971). 


Oberfl. -Diff.  von  Fremdmetullatomen,  Insclbildung, 
Zonensirukt. 


70  -10  Mass  Spectrometric  Analysis  of  Mono 

molecular  Layers  of  Solids  by  Secondary 
Ion  Emission 

A.  Benninghoven 

(Univ.  Koln,  D) 

Int.  Corn*.  Mass  Spectr.,  Brussel  (B),  ( 1970) 


70  1 1  Application  of  Mass  Spectroscopy  to  the 
Analysis  of  Solids,  a  Review 

R.E.  Honig 


Korcichi  Ogata,  Teruo  Hayakawa:  Rec.  Developm 
in  Mass  Spectr.,  1 16  -  149  1 1970),  Univ.  Park 
Press,  Baltimore  London  Tokyo 


70  -12  Secondary  Ion  Yields  in  a  Sputtering  Mass 
Spectrometer 

H.  Doi,  H  Tamura,  I.  Omura,  T.  Kondo, 

S.  Taya 


Koreichi  Ogata,  Teruo  Hayakawa  Rec.  Devel¬ 
opment  in  Mass  Spectr.  1089-  1093  11970) 
Umv.  Park  Press,  Baltimore-London-Tokyo 

Sl-Ausbeute,  Duoplatmatron.  Doppelfok..  Adsorption 


AFML-TR-79-4123 


A-3-10 


70  -  13  Mass  Analysis  of  Positive  and  Negative 
Secondary  Ions  Emitted  from  Na-CI  and 

K-CI  Monocrystals  Bombarded  by  40  keV 
Argon  Ions. 

Z.  Jurela 

A.  Moljk,  M.  Kasumovic,  M.  Gerineo:  Fizika,  2, 

64  1 19701.  lupap,  YU;  (Proc.  V.  Symp,  Phys. 
of  Ionized  Gases,  Hercegenovi,  19701. 

Austrjttiarb.it  und  Leitfkhtgk.it  all  Paramatar  dar 
Sl-Ausb.,  Na-CI,  K-CI. 

70  -17  Mass  Spec trometric  Investigation  of  Ion 
Emission  Produced  during  Bombardment 
of  Materials  by  Argon  Ions. 

M.A.  Vasil'ev,  Yu.N.  Ivashchenko, 

V.T.  Cherepin 

Akad.  Nauk.  UKSSR.  Metaltofiz.  (St/).  32. 

148-  153(1970),  Russisch 

Apparatur  Ml -1305.  Ti,  V,  Si-In tcnsttattn  fur  13 

Mated*. 

70  -  14  A  study  of  the  Cleaning  of  Carbon  Impu- 

70  -  18  Investigation  of  Oxygen  Adsorption  on  a 

rity  from  Molybdenum. 

Molybdenum  Surface  by  means  of  Secon¬ 
dary  Ion-Ion  Emission 

V.Ya.  Kolot,  V.l.  Tatus,  V.F.  Rybalko, 

Ya.M.  Fogel' 

V.Ya.  Kolot,  V.l.  Tatus',  V.F.  Rybalko, 
Ya.M.  Fogef 

Ukr.  Fiz.  Zh.  (SU),  15,  226  ■  268  ( 1970),  Rus- 

Zh.  Tekh.  Fiz.  (SU),  40,  2469  2471  (t970) 

sisch;  Ukr.  Phys.J.  (USA) 

Russisch;  Sov.  Phys.  Tech.  Phys.  (USA),  15, 

1934  1936(1971) 

Mo.  C-Verunreinig.,  Aushtizen 

Mo  (100),  02-Adtorption,  Oxidation,  2<Phaa*nmodelle, 
Vergl.  W. 

1 

70-15  Observing  Surface  Oxidation  of  Molybde- 

| 

70  -19  Monoschichtanalysen  an  Eisenoberfla-  1 

num  with  the  Statical  Method  of  secon- 

chen  ' 

dary  Ion  Mass  Spectroscopy 

A.  Benninghoven,  E.  Stumpe 

A.  Benninghoven 

(Univ.  Koln.O) 

!  (Univ.  KtJIn,  O) 

Verhandl.  DPG  (D).  3.  199,  VA-61  (1970) 

Chem.  Phys.  Lett..  6,  626  -  628  (1970) 

Fa,  Monolaga 

Mo.  Oxidation,  megn.  Ablkg.,  statitch 

70-16  Use  of  an  Ml- 1 305  Mass  Spectrometer  to 

70  •  20  Investigation  of  Surface  Diffusion  of 

Study  the  Secondary  Ion  Emission  of 

Copper  Atoms  on  Molybdenum  by  Secon- 

Solids. 

dary  Ion-Ion  Emission 

M.A.  Vasil'ev,  Y.N.  Ivashchenko, 

A.D.  Abramenkov,  V.V.  Slezov,  L.V.  Tana- 

V.T.  Cherepin. 

torov,  Ya.M.  Fogel* 

(Acad.  Sci.,  Kharkov.  Ukraine.  SU) 

Instr.  Exp.  Techn.,  2r  523  •  525  (1970) 

Fiz.  Tverd.  T»H  (SU),  12,  2929  -  2933  (1970) 

Ti.  Apparatur  MI-1305 

Russisch;  Sov.  Phys.-Soi.  St.  (USA),  12,  2365  * 
2368(1971) 

Ti»  .»•»!  Mr  InuMSiHune.  O;  <wf|  IO«M  '•  •  " 
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70  -  21  Alteinances  dans  les  intensitesen  ion 
moleculaires  socondaires  emis  par  des 
metaux  nobles  soumis  a  un  bombard 
ment  ionique  primaire. 

P.  Joyes 

IV.  Coll.  Nat.,  Brest,  13-  15  Mai,  16  H  30  (19701 

Stosstheone,  mehratomige  lonen 

71  3  Emission  ionique  secondaire  des  Alliaqos 
Cuivre  Aluminium  en  Presence  d'Oxygene 

D.  Brochard,  G.  Slod/ian 

(CNRS.  Or  say,  F| 

J  Phys.  (F),  32^  185  •  190  (1971) 

Mphrfachionisieruny  durch  anyeregte  Schalen  bei  Al. 

02  Ernlluss  auf  Emission  von  Cu  +  .  AI  +  +  ,  AI++*. 

70  -  22  Analytical  Applications  of  an  Ion  Micro 

71  4  Emission  ionique  secondaire  des  elements 

prone  Mass  Spectrometer  -Negative  Ion 

de  transition  en  solution  diluee  dans  dos 

Spectroscopy 

alliages,  inlluence  des  etats  electroniques 

localises. 

C.A.  Evans  jr. 

G.  Blaise,  G.  Slodzian 

Int.  Conf.  Mass  Sp.,  Brussel  (B),  i 1970) 

iCNRS.  Orsay.  F^ 

lonenmikrosonde,  neg.  SI 

C.R.  Hebd,  Scan,  Acad.  Sci.B.  (F),  273B.  357  ■ 

360  (1971) 

lonencmission  von  Uhergangsei.  in  Matrix  aus  Fe,  Co, 

Ni.  Cu.  Al.  lokalc  el.  Struklur  und  loms.  VVarsch. 

71-1  Untersuchung  der  Grenzflachon  und  des 

71  5  Mass  Spectrometric  Method  of  Detection 

Volumens  dunner  Schichten  mit  Hilfe  der 

of  Negative  Ions  from  the  Target  Surface 

Sekundarionen-Massenspektroskopie  . 

during  Low  Energy  Sputtering 

A.  Benninghoven,  S.  Storp. 

A.B.  Campbell,  C.B.  Cooper 

(Univ.  Koln) 

J  o  1  Physics  E.  4,  876  878  119711 

Z.  Angew.  Phys.,  31,  31  -  37  (19711 

nocj  f.l ,  magn  Ahlkq..  Untersch.  der  Si  aus  Oberfl. 

dunne  Schichten,  UHV,  Al  auf  Mo  aufgcdampft.  ober/t. 

und  Vol 

und  mnere  Kontam  und  Oxidschichten 

71-2  Beobachtung  von  Oberflachenreaktionen 

71  6  Analysis  of  Surfaces  Utilizing  Sputter 

mit  der  statischen  Methode  der  Sekundar- 

Ion  Source  Instruments 

lonen  Massenspektroskopie.  1.  Die  Metho 

de. 

A  J  Socha 

< Bell  HowipII,  Pasadena,  Calil .,  USA) 

A  Benninghoven 

iU"-v  Kolnl 

Surface  Sci.  INLI,  25,  147  170  <197’ I;  Sympo 

sium  nn  modern  methods  of  surface  analysis, 

Solace  Sc  (Nil  28.541  56?  f  1971) 

Murray  Hill.  N.J.,  USA  (14.  Mai  19/0) 

Rev>ew 
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7  Emission  d'ions  negatifs  par  unc  cibl" 
mclallique  mince  bombardce  par  des  ions 
positi  fs 

S.  Paletto,  R.  Goutte,  C.  Guillaud 

<Lab.  D'Opftque  Corpu$c.,  d 'Elect rojcoustique, 
69-Vitteurbanne,  F). 

CR  Acad.  Sci.  IF),  273B,  975  -978(1971) 

neg.  SI,  SIMS  in  Transm.  und  Reflexion,  Energieanaly- 
us,  var.  Gegenfeid 


71  -8  Die  Analyse  von  Fesrkorperoberflachen 
und  dunnen  Schichten  mit  der  statischen 
Methode  der  Sekundarionen-Massenspek- 
troskopie 

A.  Benninghoven 

(Univ.  Koln.D). 

M.  Aii carter:  Ergcbnisse  der  Hochvakuumtech 
nik  und  der  Phystk  dunner  Schichten,  Band  II, 
81  •  101  (1971),  Wissensch.  Verlagsges.. 
Stuttgart  (D) 


71-9  Mass  Spectrometric  Analysis  of  Mono- 
molecular  Layers  of  Solids  by  Secondary 
Ion  Emission 

A.  Benninghoven 

lUmv  Koln.  Dl 

A  Quayle:  Advances  in  Mass  Spectrometry,  5, 
444  447  (1971),  Elsevier  Publ.  Co,  Ltd, 


10  Mass  Spectrometric  Measurements  of  the 
Secondary  Ion  Emission  of  Alloys  as  an 
Analytical  Tool 

V.  Cherepin 

A,  Quayle  Advances  in  Mass  Spectrometry,  5. 
448  450(1971),  Elsevier  Publ.  Co.  Ltd. 

LtgWrungtn.  Obtrfl. -Analyst 


71  11  Ni-w  Analytical  Techniques  Provided  by 
the  Ion  Analyser. 

R.K.  Lewis 

(Cameca,  Elmtlord,  N.Y.  USA) 

10th  national  meeting  of  the  society  for  applied 
spectroscopy  (abs'tractsonly),  St.  Louis,  Mo„ 
USA,  18  •  22  Oct.  1971;  (New  York.  USA:  Soc 
Applied  Spectroscopy  1971),  p.  10 

10**-15bis  1 0  ■ '  •  1 9  g  Nachweisgranzt .  Dilluwontpro 
file,  Tielanauflosung  100  A 


71  12  Ein  Tandem-Massenspektrometer  zur 

Untersuchung  der  Sekundarionenemission 
von  Festkorperoberflachen 

A.  Benninghoven,  E.  Lobach 

(Univ  Koln,  O). 

Verhtll.  DPG  (D).  6.  593  (19711 


Elekuonenbeschuu,  Quad'upol  UHV.  iimich, 
W.  Adsorption 


71  13  Analyses  de  Couches  minces  de  Silice  par 
Emission  ionique  secondaire 

B.  Blanchard,  N.  Hilleret 

I  DC  A.  SEAPCI  j 

J.  Monmer  [ 

ILETII.  ICENG,  Granobla.  E).  I 

Mat  Res.  Bull.  IUSAI,  6.  1283  129CI1971I 

Tifffrrtpiofil  von  B  m  Si  und  Si-Oxiden,  Aiisbftutt. 


7114  Tandem  Mass  Spectrometer  for  Secon¬ 
dary  Ion  Studies. 

A.  Benninghoven,  E.  Lobach 

(Univ  Koln.  D) 

Rev.  Sci.  Instrum,  42,  49  •  52  (1971) 

SIMS.  EID.  Quadmpol.  UHV.  switch,  Auflosung  Mo. 


i 


AFML-TR-79-4123 


AFML-TR-79-4123 


71  -  23  A  Study  of  Quantitative  Microanalysis  h> 

71  ■  27  Ion  Probe 

Secondary  Ion  Emission 

M.  Bayard 

M.  Croset 

IW.C.  McOone  Attoium  Inc..  Chicagu  III.,  USA) 

Revue  Tech.  Thomson  CSF  (F),  3,  19  36  1 1971) 

Microscope  (G8),  19.  425  426  (1971);  Inter- 
Micro  71.  London.  GB,  20  24  Sep  1971 

quantitative  Titration,  B  in  Si. 

IMMA,  Review.  Empfindlichkeii,  Spurenanalyie 

71  •  24  Alternations  in  the  Secondary  Emission 

71  28  Surface  Analysis  Using  Simultaneous 

of  Molecular  Ions  from  Noble  Metals 

Electron  and  Ion  Bombardment 

P.  Joyes 

C.R.  Crawford 

(CNRS,  Orjey.  F) 

(MIT.  Cambridge.  USA) 

J.  Phys.  Chem.  Sol.  (GB|,  32,  1269  1275  (19711 

10th  national  meetinq  of  the  society  for  applied 
spectroscopy  (Abstracts  only),  St.  Louis,  Mo. 

Cu  r,  «  Ag  n  ”,  Partial  von  n.  Subililat.  lonit.  Pot  . 

(USAI.  18  27  Oct  197)  (New  York.  USA 

Elektronenaffrnit.it. 

Soc.  Appl  Spectroscopy  1971).  p.  70 

Elektronematteimikt  und  IMMA  m  emem  Get  at, 
Twfenprofile 

71  25  On  a  Mechanism  of  Secondary  Emission 

71  29Der  Entwicklungsstand  der  lonenmikro- 

of  Polyatomic  Particles 

sonde  fur  die  Untersuchung  von  Festkorpei 
werkstoffen. 

P.  Joyes 

(CNRS,  Orwy.  F) 

D.D.  Klemm 

(Univ  Munchen.  Dl 

J  Phys.  B  IGBI.4,  L  15  18(1971) 

Exp.  Tech  Phys.  (Dl.  19.  467  472  (1971) 

Impuliubenrag  langs  Moiekuiachw.  EmitsionteneiQie 

Vergl  ver*ch,  SIMS-  und  IMMA  Apparaturen. 

71  30  Analytical  Applications  o(  an  Ion  Micro- 
probe  Mass  Spectrometer  -  Negative  Ion 
Spectroscopy 

C.A.  Evans  jr. 

A.  Ouayle:  Advances  in  Mass  Spectrometry.  5, 
436  440  ( 1 97 1 1.  E  itevitr  Publ.  Co.  Ltd. 

lonenmikrotonda.  neg.  SI 


A-3-14 


71  26  The  Ion  Microprobe  Mass  Analyser 
J.B.  Nichelson 

(Appl.  Bm.  Labv.  Sunland.  Calif..  USAI 

10th  national  meeting  of  the  society  for  appfied 
spectroscopy  (Abstracts  only),  St.  Louis,  Mo. 
(USA),  18  22  Oct  1971  (New  York.  USA 
Soc.  Appl.  Spectroscopy  1971),  p.  69  70. 

IMMA.  Raview 
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71  -  31  Analysis  of  Thin  Films  by  Ion  Microprobe  72  ■  3  Ion-Ion  Emission  •  a  New  Tool  for  Mass 
Mass  Analyser.  Spectrometric  Investigations  of  Processes 

on  the  Surface  and  in  the  Bulk  of  Solids. 

H.Tamura,  T.  Kondo,  H.  Doi 

Ya.M.  Fogel  , 

A.  Quayle:  Advances  in  Mass  Spectrometry,  S.  (Gorki  State  Univ..  Kharkov.  UetSSRI  | 

441  443  119711,  Elsevier  Publ.  Co.  Ltd. 

Int.  J.  Mass  Sp.  loh  P.  (NL).  9,  109  -  125  (19721  i 
IMMA,  donna  Schichten.  I 
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71  -  32  Application  of  Mass  Spectrometry  to  the 
Analysis  of  Semiconductor  Materials 

G.C.  Sweeney,  E.  Berkey 

(Westinghoutt.  Pittsburgh,  Pa.,  USA). 

10th  national  meeting  of  the  society  for  applied 
spectroscopy,  St.  Louis,  Mo..  USA,  18  22  Oct 
1971  (New  York,  USA:  Soc.  Appl.  Spectroscopy 
1971),  p.  71  72 


Vergiaich  von  Mastanspektrometem  mit  Si  und  Fun- 
kemonenquelie.  Si,  (Ga,  At).  Dotiarungs-  und  Ver 
unreintgungsanalyien. 


72-1  An  Analytical  System  for  Secondary  Ion 
Mass  Spectrometry  in  Ultra  High  Vacuum 

W.K.  Huber,  H.  Selhofer 

(Bal/ers,  Liechtenstein) 

A.  Benninghoven 

(Uni  verst  tat  Koln) 

J.  Vac.  Sci.  Tech.  (US A),  j),  482  486  (1972), 
Proc.  of  the  6th  int,  vac.  congr.  part  I.  Boston, 
Mass.,  USA  (1971) 

UHV-Monolage.  Profil,  SIMS.  EID.  AES.  Targrt^echt 
tor.  El. -Quell*  *u»  Entledung,  Quack  .  Turbop..  N2 
Kuhlf.,  Tt  Sub!  P. 


72  •  2  Spectrograph ie  de  masse  avec  source  a 
Emission  ionique  secondaire 

R.  Hernandez,  P.  Lanusse,  G.  Slodzian, 
G.  Vidal 

(ONERA.  Chat i Mon,  F) 

Recherche  Atrosp.  313  ( 1972) 


Mattanch  Herzog  doppeMok..  Mon oi age,  Profil,  Aus- 
beute,  lonenp..  Ti-Subl.  P.  Duoplasmatron,  fraktion. 
Bate  huts 


72  4  Analysonsystem  zui  Sekundar-lonen- 

Massenspektrometric  irr  Ultra  Hochvaku 
um 

W.K.  Huber.  E.  Lobach 

(Baizers.  Liechtenstein) 

Ver  hand  I .  OPG,  5.  470,  0  •  28  (1972) 


Monolage.  UHV.  N2KuhH..  Turbop.,  Ti-Subl.  P.. 
Quadr. 


72  -  5  Ein  Sekundarionenmassenspektrometer 
hoher  Nachweisempfindlichkeit  mit  elek- 
trischem  Quadrupol. 

J.  Maul,  F.  Schulz,  K.  Wittmaack 

(GSF.  Neuherberg). 

Ver  hand  I  DPG,  5.  444.  S  21  (1972) 


grobe  Energieanelyte.  Quadr.  Plattanfcondansator 
gegen  Untargrund.  Ootierungsprofil*  von  B 
m  S>  (bit  ppb). 


72  6  Probleme  und  Empfindlichkeitsgrenzirn 

der  Sekundsnonenmassenspektrometr« 
F.G.  Rudenauer 

Verhandl  DPG.  5.  469.  0  27  (19721 


Parameter  dar  Nachvwttampf .  (quant nativ),  lonenqu  - 
Emitian/,  Anaty.  Akzeptanz.  Phatanraumanpassung, 
0,001  ppb.  magn.  Abikg. 
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72  ■  7  Analyse  von  Festkorperoberf  lachen  mit 
Hille  der  Sekundarionen  Massenspektro 
skopie  (SIMS). 

A.  Benninghoven 

(Univ.  Koln) 

Chemie-Ing.-Tech.,  44,  910  (1972) 

Review 

72  -11  Uniersuctumgen  dor  Oberflachenoxida 

tion  von  Cr,  Ni  und  Cu  im  Submonolagon 
und  Monolagenbereich  mit  SIMS. 

A.  Muller,  A.  Benninghoven 

(Univ.  Koln.  0) 

Verhandl.  DPG  tt».  M70,  0-  29  (1972) 

Cr,  Ni,  Cu,  ONidation,  statisch,  02-Docis  alt  Paramatei 
der  Intensitet,  Zerttaubungtratan. 

72  -  8  Investigation  of  Negative-Ion  Formation 
by  Surface  Ionization. 

E.Ya.  Zandberg,  V.l.  Paleev 

(Acad.  Set.  Leningrad,  UdSSR). 

Zh.  Tekh.  Fiz.  (UdSSR),  4Z.844  •  850  (1972) 
Russisch;  Sov.  Phys.-Tech.  Phys.  (USA),  17, 

665-  670(1972) 

neg.  Spekiren,  Obertl.-loms.,  EID,  SIMS.  Energievert., 
mago.  Ablkg. 

72  12  Investigation  of  the  Initial  stages  of  Vacu¬ 
um  Condensation  of  Silver  on  Nickel 
Substrates  by  Secondary  Ion-Ion  Emission. 

A.D.  Abramenkov,  A.L.  Seryugin,  V.V. 

V.V.  Dyatlova,  Ya.M.  Fogel',  G.F.  Poteb- 
nya 

(Acad.  Sci.,  Kharkov,  Ukraine,  SU). 

Fiz.  Met.  +  Metalloved,  (SU),  3^853  -  855 
(1972),  Russisch;  Phys.  Met.  +  Metallogr.  (G8I 

Ag  auf  Ni,  zeill.  IntensitatsveHauf,  Vakuu.nkonden- 
sat  ion.  Facet  tenbildung. 

72  -  9  Polyatomic  Negative  Ions  of  Carbon  and 
Carbon  Compounds. 

E.Ya.  Zandberg,  V.l.  Paleev 

(Acad.  Sci.,  Leningrad.  IklSSR) 

Zh.  Tekh.  Fiz.  (UdSSR).  42  851  854  (1972) 
Russisch:  Sov.  PhYS.-Tech.  Phys.  (USA),  17, 

671  675(19721 

n$g.  Spekfr.,  Oberfl.-lonu.,  magn.  Ablkg..  Cn"  bis 
n  -  1 5,  Cn  -  H~  bit  n  =  1 3,  Cn  --  N"  bis  n  -  13. 

Emfluss  von  n  aut  Ausbeute. 

72  -  13  Mass  Spectra  Stimulated  by  0+  and  Ar+ 
Interacting  with  a  Surface 

M.W.  Siegel,  R.H.  Krauss,  J.W.  Boring 

J.  Chem.  Phys.,  57.  3576  3578  ( 1972) 

Cu. 

72  -  10  Molybdenum  Purified  from  a  Carbon 

72  -14  The  Study  of  Amorphous  and  Crystalline 

Impurity. 

Silicon  thin  Films  by  Sputter-Ion  Source 

Mass  Spectrometry. 

V.Ya,  Kolot,  V.l.  Tatus',  V.V.  Vodolazh- 

chenko,  V.F.  Rybalko,  A.E.  Grodshtein, 

L.C.  Feldman,  F.G.  Satkiewicz 

N.D.  Kirsanov,  Ya.M.  Fogel' 

Thin  Solid  Films,  12,  217  -  222  (U'721 

Zh.  Tekh.  Fiz.  (SU).  42,  144  (19721.  Russisch: 

Sov.  Phys.  Tech.  PhyTlllSAI,  17. 

Si.  dunne  Schrchten. 
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72-15  Energy  Distribution  and  Mean  Energy  of 

72  -  19  Possibilities  of  the  Ion  Microprobe  in 

Secondary  Ions  from  Polycrystalline 

Surface  Analysis. 

Targets 

L.  Habraken,  V.  Leroy,  J.P.  Servais 

Z.  Jurela 

(CRM.  Ltaga,  B) 

(Boris  Kidric  Inst..  Balgrad.  YU). 

Electron  end  Ion  Beam  Science  end  Technology 

6th  Yugoslav  Symposium  on  Physics  of  Ionized 

Fifth  International  Converence,  Houston,  Tex. 

Gases,  Split,  YU,  16  -  21  Jul  1972  (Belgrad.  YU: 

(USA),  Mai  1972  (Princeton,  N.J..  USA:  Electro- 

Inst,  of  Phys.  1972),  p.  1 15  - 1 18. 

chemical  Soc.,  Inc.  19721,  p.  196  -  216. 

Matalla,  HalWaitar,  Enargiavart.  dar  po*.  Si.  nichtadiab. 
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